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Tliis applicatJ-on is based on Japanese Patent 
Application Nos . 11-237325 (1999) filed Augizst 24, 
1999, and 2000*216687 filed July 17^ 200O^ the 
contents of wtiichi are incoxpozrated tieireinto hry 
5 iref er-ence - 

BACKGROXJND OF THE INVENTION 
FIELD OF THE INVENTION 

lO 

Tiie piresent invention r^elates to an inK jet 
printing apparatus ttiat ejeots inJc from nozzles for 
printing, and more particularly to a printing 
apparatus o£ a so-called multipass system wlilob. uses a 

15 print b.ead tiaving a pluraliry of nozzle groups eaoli 
consisting of a plurality of nozzles and performs a 
plTorality of main scans over the same main scan print 
area of a predetermined print medixam try using 
different nozzle groups to form different thinned out 

20 ima.ges during tlie ynpiin scans according to thinned out 
xnaslc patterns associated with the respective scans to 
complete an image- More specifically^ the present 
invention concerns a reduction in image degrading 
factors such as density variations and white stripes. 

25 In addition to general printing apparatus, the 

present invention can he applied to copying maonines , 
facsimiles vri-tti a communications system, word 
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pr-ocessoacs w±"tli a pr-inting iniit r and industarxaX 
prxntxng appa2:at:xis corttoined. witti a vaariety of 
px*ooess±ng devices as wall as to press -dying apparatus 
and etcliing pr:oeess±fig apparatTis - 

5 

DESCRIPTION OF THE RELATED ART 

Ttie pr-intijag apparatus, sucli as printer's, copying 
macliixies and f aosxiniles . form an image made up of dot 

10 patterns on a print medium, such as paper and ttiin 

plastic plate ^ according to image information. Tliese 
printing apparatus can "be classified into an ink jet 
system, a wire dot system, a tliermal system and a 
laser l^eam system ty tlie printing metliod. A printing 

15 apparatus using tlie ixilc jet system (inlc jet printing 
apparatus) ejects ink (print liquid) droplets from 
orifices of nozzles of tlie print liead onto a print 
medium to wHiob. tbe ink droplets adixere, ttlus fomiing 
an image - 

20 Witlx a large number of printing apparatus in use 

in recent years, a variety of demands are l:>eing placed 
on tlie printing apparatus^ including fast printing, 
liigii resolution, liigH image quality and low noise. Of 
tliese, tlie ink jet printing apparatus can toe ch.osen as 

25 being atole to meet tbese recjuirements . Ttie ink jet 
printing apparatus, because it ejects ink from tbe 
print tiead, must stabilize tbe direction o£ ink 
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ejection axicl tlie amount of inK ejected to meet tUe 
above arecjui^remants . 

AlttLOiagh. tlx© ink jet pjrinting apparatus Has made 
a variety of impr-overcients on tlie printing apparratus 

5 body sid.e^ sucli as tHe provision of an ejection 

perf oarmanc:© irecovery device^ tbe stability of the inlc 
ejection amount largely depends on tlxe peacf oxmance of 
eactx print bead* In otbex words, tlie ink: ejection 
amount and tba inlc ejection direction are greatly 

10 influenced "by small erxoirs produced diaring tbe prinr 
bead maniaf acturing process, wbicb. include variations 
in tb.© sb^pe of orifices of tlie print bead, in tJie 
electrotlxeocmal transducers ( inlc ejeotion beater) tbat 
generate eneorgy for ejecting ±aJz, and in 

15 ©lectromecb^nical transducers (piezoelectric 

elements) . Tbis in turn results in density variations 
in tbe image formed, degrading tb.e image quality - 



mnltinozzle b.ead wbicb, for simplicity of explanation, 
bas eight nozzles 1102 (eacb of wbicb ^ unless 
otberwise noted, generally includes an orifice, a 
liquid patb communicating witb tbe orifice^ and an 
2S element for generating energy used to eject ink) , 

Denoted 1103 are inJc droplets from tbe nozzles 1102 
wbicb. sbould ideally be ejected in ttie same amounts 




1 e2sampl& of tbis phenomenon is sb.own in Figs. 



reference number 1101 denotes a 
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ana i-n the samo <a±3reot±oixs . Wlien ejected in this 
ideal, condition, tlie inX droplets land on tne paper < 
as etiown in Pig. g ? ^^ to form dots of egii^l sizes 



wliicJa in tnm form an oveirall -uniform image witli no 
density variations^ as sliown in Fig. 3i7C - 

in reality, tLowever, ttie nozzles eacli have 
characteristic variations and wb-en tlie printing is 
done as descx-itoed a'bove, ttie size^ and directions of 
ink droplets 1103 ejected from tlie nozzles 1102 will 
10 vary among the nozzles^ as^shpwn in Pig. forming 



^ the dots as shown in Fig. ffag . The figxore shows that 
t»lan3c portions appear periodically in the head main 
Q scan direction, that there are portions wher^ dots 

^ overlap excessively, or that a wHite stripe is formed 

ry 15 as shown at the center: of this figure. A collection 
of dots printed in this oonditlon has a density 
distrihn-tion in the direction of nozzle array as shovm 
^ in Fig. which, when viewed by hioman eye, is 

Q perceived as density variations • 

20 To deal with the density vax-iation, the following 

M= method has been proposed. This method will be 

a D'^^v 3SC 

^ ^31 explained by referring to Figs* 2F^iV^ — g ^D <ilh1 2 9C and 

^ Figs, ^nc ra/ 3od ana ^4^. 

This method performs thiree scans (main print 

25 scans) by a print Head 2O01, as shown in Pigs- 2^ A , 

^ and g 9 C and Figs, ^ O A , — 3-03^- cind 30^ ^ to complete 

^ tile px-inting m t:Iie pi-int anree sbown in Fig . ^ 
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foiur-pi>c©X uni-t scan airea measiu:±ng ±n the veartical 
directioix of ttie f iguares one-ttalf of ttie eigtit: pxxels 
of tlxe txead. ±s oompXeted t>y two scans (two passes) - 
Tlie eignt xiozzles of the print head 2001 ±s divided 
5 into a gr^oup of uppei: foxox- nozzles (uppex nozzle 

group) and a gxoup of lower four nozzles (lower nozzle 
group) - Ttie dots printed In one scan by eacn nozzle 
aare produced by tTi inning out linage data to one-tialf 
according to a predetermined image data arrangement - 
10 During tlie second scan tbe remaining 4xal£ of dots are 
embedded in tlxe previously formed tbinned out image to 
complete tbe printing of tbe four-pixel unit scan 
area. Tbis printing method is referred to as a 
multipass printing method. This method reduces by 
15 half the influences of the nozzle characteristics on 

the printed linage even when the print head has nozzles 
with variations in the ink ^^ction amount and 
^ direction as shown in Fig. Tg 6A, So, the printed Image 
<^ will be as shown in Fig- rendering black and 

2 0 white stripes such as those shown in Fig- less 
noticeable. The density variations therefore are 
C{ alleviated significantly from Pig. to Pig. 

However, even with this multipass printing method 
it has been confirmed that the density variations may 
2S fail to be eliminated at all depending on a print duty 
of each main scan and that in a half-tone printing 
additional density vajriations oocux- . To <leaX -witb 
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tUxs piroblem, Japanese Patient Application Laid-open 
No» 7-5246 5 (1995) proposes to set the pitcli of each 
print area va2rial>le by randomly setting tne amount of 
paper feed during ttte rnnltipass printing- This 
5 randomizes the period of striped density variations to 
mak:e them less conspicuous, thereby realizing a high 
quality image formation - 

WxLrmix&Jc , Japanese Patent Application Uaid-Open 
No- 8-25693 (1996> discloses a printing technictne 
IQ wherehy images formed by two successive scans of the 
print head are partly overlapped* That is, of image 
data printed by the first scan, data printed in an 
area that is overlapped by the nesrt: scan is masKed 
with a random mask: pattern. Further r of image data 
15 printed by the second scan, data printed in an area 

that overlaps the area of the previous scan is maslced 
with an inverted pattern of the random maslc pattern. 
The image data thus obtained is used for printing - 

Today, a quality of printed images has achieved a 
20 significant improvement thanks to an ever- increasing 
image resolution and a continuing advance of color 
printing technology • A technicjue being proposed and 
implemented to maJte further improvements in the image 
resolution Involves reducing the amount of ink ejected 
25 per dot- Another proposed technique to realize an 

xmage quality that would match a silver salt picture 
involves simuitaneously using light -oolorcd inks with 
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x-ediioea dlensities in acia.it ion to th^ foux: basic color 
inKs (cyan, magenta, yellow ana l>laelc) . Xt is, 
liowevex" r f eaared tfciat: rediacing tlie amount of in3c 
ejected, per dot may cause problems (deviation of dot 



For example, wlien an image is formed by a print 
liead liaving 256 nozzles at a 12O0-dpi pitcli, eacb witti 
an ejection amount of 4 pi, an undesired plienomenon 
ocours -T r* wlxicli ttxe inlc droplets ejected from tliet 
nozzles at tiie ends of tlie print b^ead land on 
X>o sit ions greatly deviated from wbere tbey are 
intended to land (tliis pbenomenon ,is refer^red to as an 



wliicb. tl^e landing positions of inic droplets are 
greatly deviated at a paper feed boiindary. witib tbe 
print bead witb a 1200-dpi nozzle pitcb and an ink 
ejection amount of 4 pi, tbe landing positions of 
several dots at tbe beginning of tne printing are not 
deviated, as sbown<. As ttie carriage accelerates, 
bowever, tb,e dot position begins to deflect, by about 



ejection from ttie print bead 1101 as seen from tbe 
carriage wben tne droplets ejected from tbe ends of 
tbe print bead llOl bave already begxan to deviate. It 
is Icnown tbat several nozzles 1102 at tbe ends of tbe 
print bead tend "to eject ink. dropleT^s somewbat 



landing positions and inlc ejection instability) • 





sobematically sbows tbe tendency of inK 



±nwara.ly, as stiown in the figure. TJni-s tendency 
l>ecomes consplcixoaas wbien an image is f oxmed witu 
minute tli-oplets as ©itiall as 4 pi- The deflection of 
ttie djToplets i:es\ilts in tlie foarmation of wliat is 
s visually perceived as a wbite stxlpe - It: is therefojce 
conventional practice to increase tlie nuint>er of passes 
to nia3ce tlie white stripe visually less noticeable - 
Ttie alDove conventional tectmologies r however , 
laave the following points to t>e furttier improved - 
10 That: is^ in the technique described in the 

Japanese Patent Application Laid-Open No- 7-52465 
(1995), although the xandom setting of the feed of the 
p print medium randomizes the frequency of occurr-ence of 

^ the white stripes, it is desired to he further 

fU 15 improved in reducing the occurrence of the white 
stripes - 

S in the Japanese Patent Application £.aid-Open No- 

^ 8-25693 (1996), heoause the image area on the print 

B mediiam printed by one scan and the image area printed 

20 hy the next scan partly overlap with each other ^ the 
M occurrence of the striped density variations is 

S alleviated- However, when the precision of the 

landing positions of the inlc droplets from the end 
nozzles of the print head degrades substantially as 
25 shown in Figs. 31 and 32^ the landing position 

deviation is visually perceived as a White stripe. 
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Fiaoctitier' , in the teciuiiiiues d.esci:±lDed in tlie atoove 
o££icia.l gazettes, because ttie paper feed is 
coxitrol3_e<l at ^raariable pitclies^ as opposed, to a nojnna.1 
constant pit clx^ it is feared ttxat tlie tliiroiagrliput may 
de-cexriorate . 

Tlie tliroughput is also lowered wiien the number of 
passes is increased to ma3ce tlie wliite stripes less 
conspicuoxxs as described above. Tiie reduction in 
rhro-agtipiat is among tb.e factors standing in. tlie way to 
a faster printing speed regrxired of the printing 
apparatus of recent years - 

SUMMARY OF THE XNVENTION 

Tb.e present invention bas been accompiisbed to 
overcome tbe problems experienced with, tne 
oonvenrional teobnigues described above and to provide 
a printing apparatus and a printing metbod capable of 
forming a liigb- resolution image at bigli speed wb,ile 
preventing a degradation of image quality due to wbite 
stripes and density variations - 

In tbe first aspect of tbe present invention, 
tbere is provided an inlc jet printing apparatus for 
forming an image on a print medimn by using a print 
bead^ the print bead baving a plurality of nozzle 
groups^ eacb baving a plurality of nozzles, tbe inX 
Jet printing apparatus comprising s 
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jcneaxis for* p^orf oacming a pXiaxaJ-lty of nia.±ti ©cans on 
one and tlxe same Tna-? n soon pr-int airea of tJ^-e print 
meditim lasing different nozzle groups and for* fontling a 
tlii-nned oxit image according "bo a tlxinning otit maslc 
pattern in eacli of ttie plurality of niain scans to 
complete an image; and 

printing duty setting means for dividing ttie same 
main scan print area at a predeterm5-ned pitcti in a 
sul3scan direction different from a main sean direction 
and for setting print:ing duties of tlie divided areas 
determined fay tiie tliinning out masK pattern to 
different values • 

In thLe second aspect of tlie present invention^ 
tb.ere is provided an inlc jet printing method for 
forming an image on a print medium toy using a print 
liead, tlie print tiead liaving a plurality of nozzle 
groups, each, liaving a plurality of nozzles,, tlie in3c 
3et printing metliod comprising tlie steps of: 

performing a pltirality of main scans on one and 
the s ame main s e an print area of tlie print me dium 
using different nozzle groups and forming a thinned 
out image according to a tbi nni ng out mask pat team in 
eacb. of ttie plurality of main scans * and 

dividing the same main scan print area at a 
predetermined pitch in a subscan direction different 
from a main scan direction and setting printing duties 
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of ttie divided aareas de-termined by t;h© ■tli i nn ing owt 
inas3c pa-tteim to dif f ex-ent values . 

In ttie tniird aspect of the present invention, 
tliere is provided a printing control nietlxod for an in>w 
5 jet printing apparatus, the in3c jet printing apparatus 
leaving a plurality o£ nozzle groups* eacli liaving a 
plurality of nozzles^ tlie printing control mettiod 
coinprising th.e steps oft 



ttie same mai n scan print area of tiie print medium 
using different nozzle groups and forming a ttiinned 
out image according to a tliinning out masH pattern in 
eacb. of tlie plurality of main scans; and 
15 dividing tlie same main scan print area at a 

predetermined pitcli in a sul>SGan direction dif f ejrent 
from a main scan direction and setting printing duties 
of tlxe divided areas determined t>y the ttiinning our 
masK pattern to dif:^erent values. 



Fig* ly^s a perspective view showing an external 
construction of an inlt Jet printer as one embodiment 
25 of tlie presenC invention? 

Fig* 2 ±s a perspective view showing tlie printer* 
of_ Fig. 1 with an encXosnre memhear removed; 
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providing the printing apparatus; 

performing a plurality of main scans on one and 



BRIEF DESCRIPTION OF THE DRAWINGS 
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F±g^ 3^±S a. perspective view stiowing an asseml^led 
print luead. cartsridge used in tlie pjrintea: of one 
embodiment od^/ttie present invent ion j 

Fig. ^ Is an exploded perspective view showing 
5 tlie parint head oaocrtridge of Fig. 3; 

Fig, S^^s an exploded perspective view of the 
print head of Fig. 4 as seen diagonally below? 

Figs , and 6B are perspective views showing a 

construction of a scanner cartridge upside down which 
lO can he nioi:inted in the printer of one emhodiment of the 
present invention instead of the print head cartridge 
of Fig* 3 5 y^' 

Fig. V is a hlock diagram schematically showing 
the overall configuration of an electric cir-cuitry of 
15 the printer according to one embodiment of the present 
invent ion j ^ 

Fxg. & is a diagram showing the relation between 
Figs* 6A and SB, Figs. 8A and SB being block diagrams 
representing an example innf=tr configuration of a main 
20 printed circuit board (PCB> in the electric circuitry 
of Fig. 7: 

Fig- is a diagram showing the relation between 
Figs • and 9B , Figs . 9A and 9B being bloclc diagrams 

representing an example inner configuration of an 
2 5 application specific integrated circuit (ASIC) in the 
main PCB of Figs, 8A and 8B; 
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Fig. a. flow cliai-t snowxng an exampXe of 

opearation of t:txe printejr as one embodiJn&ut of -ttie 
pjresent lXLven1:i>^ri; 



F±g- 11 "^is a plan view scliema-tlaally sliowijig a 
5 pjrint bead in^illie eitibodJjnenl: of tti^ present invention; 
Fig. X2 is a t>loc]c diagiraJti sh.owing an image 
px-ooessing uni-t' in tlxe embodiment of the present 
invention; ^ 

Fig. 13A is a diagxam sbowing a print duty of 
lO ©acli pass in a^foux-^pass printing, with the print area 
in each pass ^printed at a nnifonn duty (25%); 

Fig* 13B is a diagram showing print duties of 
each pass in the four-pass printing, with the print 
area of each pass divided in two and with the 
15 subdivided print axeas in each pass set at different 
duties; ^ 

Fig- lAA is a diagram showing , print duties of 
eaob. pass in the four-pass printing, with the 
subdivided print areas in each pass set at a uniform 
20 duty; j 

Fig, 14B is a diagram showing print duties of 
each pass in th© four-pass printing, with tlie 
subdivided print areas in each pass set at different 
duties X J 
2S Fig* ISA is a schematio diagram of an image 

formed by the four-pass printing, with the print area 
of, each pass prinred at a uniform duty; 
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Fi-g- 15B ±s a schieinat:±o d±a.gx'ain o£ an image 
formed, by ttie foxiir-pasB piriiiting, w±tti tlie prin-b ax*ea 
o£ eaeti pass <ixvi<aeca i-n two ancl wi-tli tlia siabdivicJea 
pxint axreas ±^ each, pass sei; at diffeirent cluti-es- 
5 Fig, 16 is a scliematic diagrcim of an image formed 

by tlie foiax-pass pirinting^ with, ttie print area of eacn 
pass divided in two and witli tlie subdivided print 
ax-eas in eaclx^^ass set at dif f ezrent duties ; 

Fig. 3?*^ is a diagram showing print duties of 
lo eaoh pass in the foxir-pass printing, with the 

subdivided print areas of each pass set at a uniform 
duty, as in conventional technique; 

Fig, 17B is a diagram showing print duties of 
each, pass in the four-pass printing, with the 
15 subdivided print areas in each pass set at different 
duties ; 

Fig. IB is a schematic diagram of an image formed 
by tne four-pass printing with the entire print area 
printed at a /print duty of 25% • 
20 Fig- l^^^is a schematic diagx^am of an image formed 

by the four-pass printing with only the end portions 
of the print area printed at a print duty of 6.2 5%; 

Fig^ is a schematic diagram of a random mask, 

pattern used an ordinary four--pass printing; 
25 Fig- 2pB is a random mask pattern used in the 

four-pass printing in the embodiment of the invention ; 
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Pig. is a l:>loc5lc dla^am sHowine a cleta±le<a 

conf isruuratxon of a pass number: clec±s±oii vxnil: in triie 
embodiment: of/ttie invent ion ; 

Fig. 2M is a d-iagiram sliowixig an esiamplo case 
5 where an xma^e made up of a pltixraliiiy of different 
color areas ^^.^^printed. on a page of print ineciiuin; 

Fig* 2*3 is a flow oliart for deciding tlie number 
of passes according to a ttiresliold value detexrmined on 
tlie basis of a standard deviation of droplet 
10 deflection; ^ 

Pig* 24 is a bloolc diagram sliowing another 
functional configuration of image processing in tlie 
□ embodiment c^W^ th.e invent ion ; 

^ Pig- 2^5 is a dia.gram showing an example ca.se 

m 15 where an image printed on a page of print medium has 
blade characters and a natxiral image j 

H. / 

yj Fig- 26 is a block diagram showing still another 



functional configuration of image processing in the 
embodiment of be invention i 
20 Fig- ^if a block diagram showing a 

configuration of a third embodiment of a printing 
apparatus ; 

Fig, 28 is a schematic diagram showing a 
conriguratiorr of a print head; 
25 Fig. 29A is a schematic diagram showing a process 

of generating a print head control signal from an 
image buffer and ci ma.s>£ buffer by <i ma.s3c parocessing 
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ixnxt wtien tne ma.slc parocessing unit pearforms masX 
processing to generate the pxint liead control signal 
fox- a £ixrst so^n; 

rig. 29B is a sctieinatic diagaram sliowing a process 
5 of generating a print head, control signal from the 
image fouffar and the mask buffer lay the mask 
processing -unit when the maslc processing unit performs 
mask processing to generate the print head control 
signal for a ^econd scan; 
lo Fig- 29X:: is a schematic diagram shovring a process 

of generating a print head control signal from the 
image huffer and tiie mask buffer by the mask 
processing tanit when the mask processing unit performs 
mask processing to generate the print head control 
15 signal for a y^hird. scan; 

Fig- 29D is a schematic diagram showing a process 
of generating a print head control signal from the 
image buffer and the mask buffer by the mask 
processing unit when the mask processing lanit performs 
20 mask processing to generate the print head control 
signal for a/foui:th scan; 

Fig, 30 a flow chart showing a sequence of 

steps for genf^rating population mask data; 

Pig. 31 is a flow chart showing a sequence of 
25 steps performed by the mask processing unit in 

generating mask data to be stored in ttie mask buffer r 
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Fig. •3^^±Q a ciiagirain sliowlng^ a po-tential at a 

F±g» 33 is an eacplanatoary diagfeim stiowlng a 
caloulation met:±iod wben tkie base of a potential 
5 exceeds tlae maslc axea; 

Fig. 34/ LS a scslLematic cLiagxram of an image foimed 
t»Y 4 -pass printing wtien eacli pass airoa is divided in 
two and pr-inting dnties of the sul>divided aireas axre 
set to diffeirent values "by using a pseudo- periodical 
10 maslc pattern 

Fig. 3aA is a pseudo-peiriodical mas3c pattexn wHen 
one pa.ss axea is divided into four and 4 -pass printing 
is done witn printing duties of tlxe subdivided areas 
of eacfa. pa.s5^et at imiforxn duties; 
15 Fig* 35B xs a pseudo -periodical maslc pattern wlien 

one pass area is divided into foui" and 4 -pass porinting 
is done witli printing duties of the subdivided areas 
of each pass different duties; 

Fig. 36A is a schematic diacrraxn showing inlc 
20 dJCOplets being ejected from the print head in an 
appropriate condition 5 

Pig- 36B is a schematic diagram showing an image 
with no density variations that is formed witn the 
ejected ink droplets of Fig- 36Ar 
25 Fig. 36^ is a lino diagram showing a density 

distribution of tlie image of Fig- 3 6B; 
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Fi-g. 37^ is a sclienia-txc caiagaram sliovrLng ±n3c 
dJToplets toeing ejectecl from ttie px-int Kead. in an 
imcontxoXled ^on<ai1:ionp 

Fig- 37B is a sclieniatic diagram sHowing ein image 
with aensx-ty vax-iations -fctiat is foanned wirti the 



ejected inlc ^jroplets of Fig. 28A; 

Fig, 3 7C is a line diagzram showing a density 

/ 

dist3:it;>iition /.of the image of F±g- 37B; 

// 

Fig* 3 8A is a schematic diagr-am showing ink 
10 drroplets heing ejeoted. from the parint head dxxaring a 
multipass pxriiiting (2-pass printing)? 

Fig. 38B is a schematio diagram showing an Image 
with density variations that is formed with the 
ejeoted ink ^^Lroplets oj^ Fig- 38A; 
15 Fig . 38C is a line diagram showing a density 

distrihxition <^ the image o£ Fig* 3SB? 

Fig- 39A is an Image formed by a first pass 
during a multipass printing (2-pass printing); 

Fig. 39B /is an image formed by a second pass 
20 during a multipass prdLnting (2-pass printing); 

s 

Fig* 39C is an image formed by a third pass 
during a mult^Lpass printing (2-pass printing); 

Fig . 40 is a schematic diagram showing a 
deflecrion of dots formed by end nozzles of the print 
25 head; and 



- 18 ^ 




F±g* 4i/±s a. sciiematxc diagram showing a 
clefl&Gtxon of ±nlc droplets as seen from -tlie prljat lieaa 
side. 

5 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

EmbodLimen-ts of ttie printing appaxatvas according 
to tHe present invention will toe described by 
referring to tbe accompany^ing drawings - 
lO In th.e following description we taJce up as an 

eyample a printing apparatus using an ink jet printing 
system • 

In ttlis specification^ a word "print" (or 
"record.") refers to not only forming significant 

15 information, sucfa. as cliaracters and figures^ but also 
forming images, designs or patterns on printing medium 
an,d processing zciedLia, wtietlier th.e information is 
significant or insignificant or wlietlier it is visible 
so as to be perceived by bumans. 

20 Tbe word "print medium" or •"print sbeet" include 

not only paper used in common printing apparatus, but 
clotb, plastic films, metal plates, glass, ceramics, 
wood, leatlxer or any otber material tbat can receive 
inlc, TtLis word will be also referred to "paper". 

25 Furtber, tbe word "ink" (or "liQuid" ) sbould be 

^ interpreted in its wide sense as witli tbe word "print" 
and refers to ligulA tliat is applied to tbe printing 
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medium to form iroages, cLeslgns ox: patiteras , parocess 
the px-intxng me<aium or- process ±xiK (fox example, 
coa^uXatre or make ±nso3.ubXe a coXoarant ±n tlie Xxtlc 
applied, to ttie printingf mediiim) , 

5 

1 , Appax-attas Body 

Figs - 1 and 2 show an outline constirucjtion of a 
px-intear using an ink jet printing system- In Fig. 1* 
a housing Of a p:i:inter hody MIOOO of this embodiment 

lo has an enclosure memher^ including a lowor case MlOOl^ 
an upper case M1002, an access oovex M1003 and a 
discharge tray M1004, and a chassis M301.9 (see Fig. 2) 
accommodated in the enclosiire membex'. 

The chassis M3019 is made of a plurality of 

15 plate- lika metal members with a pr'edetermined rigidity 
to form a skeleton of the printing apparatus and holds 
various printing operation mechanisms described later - 

The lower case MlOOl forms roughly a lower half 
of the housing of the printer body MlOOQ and the upper 

20 case M1002 forms roughly an upper half of the printer 
body MIOOO- These upper and lower* cases, when 
combined, form a hollow structure having an 
accommodation space therein to accommodate various 
mechanisms described later • The printer body MIOOO 

25 has an opening in its top portion and front portion . 

The discharge tray M1004 has one end portion 
thereof rotatahly suppoirted on the lower case MlOOl- 
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TUe d±sciiaLrge t:i:ay M1004^ wtien ^rotated, opens or 
closes an opetixng formed in ttxe front portion of t:he 
lower" case MlOOl. Wtien ttote pr-xni: opor-ation is "to t>e 
perfoxraed- ttie disctiarge txray M1004 is irot;at©d 
3 £o3rwaxdly to open -the opening so tttat: printed skxeets 
can 13© disottarged and successively staolced. The 
discliaxge tiray Ml 004 aocomraodates two auaciliaxy trays 
M1004a, M100 4l>. These auxiliary trays can l>e drawn 
out f oxwardly as required to e^qoand or reduce the 
lo paper suppox^: area in three steps • 

The access cover M1003 has one end portion 
thereof irotatahly supported on the upper case M10 02 
O and opens or closes an opening formed in the upper 

S surface of the upper case MlOdZ* By opening the 

ry 15 access cover M1D03, a print head cartridge HIOOO or an 
Q inlt tank H1900 installed in the body can he replaced . 

jfl Vn3.en the access cover M1003 is opened or closed, a 

projection formed at the baoK of the access cover, not 
S shown here, pivots a cover open/close lever • 

lJ 20 Detecting the pivotal position of the lever as hy a 
^ micro -switch and so on can determine whether the 

p access cover is open or closed « 

At the upper rear surface of the upper case M1002 
a power key E0018. a resume key E0O19 and an LED E0020 
25 are provided- When the power key EO018 is pressed, 

the LED H0020 lights up indicating to an operator that 
the apparatus is ready to print. The led E0020 has a 
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vaxie-ty of <a±splay fxixictions , s-uott as alearfcing ttie 
opera-tor to prititeir t:TOUt>les as by obangxng ±t:s 
l:>lijQlcing intervals and color- FurtHer, a touzzer E0 021 
(F±g- 7) may be sounaed. Wlien the tr-outile ts 
5 eliminated, th.e resume K&y E0 019 is pressed to resume 
the prijuniixg- 

2. Printin.gf Operation Meclianisin 

Next^ a pri^tiixg operation mechanism installed 
lO and held in the printer hody MIO 00 according to this 
emhodiment will he explained - 

The printing operation mechanism in this 
emhodiment coinprises = an automatic sheet feed unit 
M3022 tio automatically feed a print sheet into the 
IS printer hody; a sheet transport unit M3029 to guide 

the print sheets, fed one at a time from the automatic 
Sheet feed unit^ to a predetermined print position and 
to guide the print sheet from the print position to a 
discharge lonit a print unit to perform a 

20 desired prijiting on the print sheet carried to the 

print position; and an ejection performance recovery 
unit M5 0 00 to recover the in3c ejection performance of 
the print unit* 

Here, the print unit will he descrihed- The 
25 print Tjnit comprises a carriage M4001 movahly 

supported on a carriage shaft M4021 ana a print head 
cartridge HlOOO i-emovably mo-Lon-ced on the carriage 
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M4001- 

2*1 Px:±nt: Head Cairt ridge 

First , th.e pxrixit head cairtrifige used ±n the pjrint 
5 unit will be desorxfeed with ref exenco to Figs _ 3 to 5 . 
The px-int head oaxtaridge HXOOO in this 
embodiment^ as shown in Fig- 3, has an ink tank H1900 
containing inks and a print head HlOOl foa: ejecting 
ink supplied frxam the ink tank H19O0 out through 
lo no2:zles according to print information. The print 

head HlOOl is of a so-called caxtridge type in which 
it is removably mounted to the carriage M4001 
described later - 

The Ink tank for this print head cartridge HIOOO 
15 consists of separate ink tanks H190Q of, for exiample^ 
black, light cyan, light magenta, cyan, magenta and 
yellow to enable color printing with as high an image 
qnality as photograph- As shown in Fig- 4, these 
individual ink tanks are removably mounted to the 
20 print head HlQOl. 

Then, the print head HlOOl, as shown in the 
perspective view of Fig. 5, comprises a print element 
substrate HUGO, a first plate H120O, an electric 
wiring board H1300, a second plate H140O, a tank 
25 holder H1500, a flow passage forming member H1600 , a 
filter HIVOO and a seal rubber H1800- 

The print element silicon snbstrat© HllOO has 
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formed ±ii one of its sux^faces, by tlie fxim ^epos±tion 
tectinology, a pliii'alit:^ of prxnt: elemen-ts to produce 
eneargy for ejectlnof InJc and eXect:x'±o w±r'eB,, sucIl as 
alumxnxim. for siapp lying exectricxty to ±naivi.<iiial 
5 pjTxrxt eXenidnts. A plurality of ink: passages and a 

plurality of nozzles HllOOT, tiotll corresponding to tb.e 
print elements * are also f orxned by tlie 

ptiotolitbograpny tectinology. In tb.e bacic of tb.e print 
element substrate HllOO , tbere are formed in3c supply 

lo ports for siipplying in3c to tlie plurality of inJc 
passages. Tlie print element substrate HllOO is 
securely bonded to tbe first plate H1200 wniGli is 
formed witn inJc supply ports H1201 for supplying ink. 
to tlxe print element substrate HllOO. Tbe first plate 

15 H1200 is securely bonded witb tbe second plate H14O0 
baving an opening. Tbe second plate H14O0 liolds tbe 
electric wiring board H1300 to electrically connect 
the electric wiring board H1300 witb tlie print element 
substrate HllOO ^ Tbe electric wiring board H1300 is 

20 to apply electric signals for ejecting in>£ to tbe 

print element subs tarate HllOO, and bas electric wixres 
a.ssocia.ted witb tbe print element substrate HllOO etnd 
external signal input terminals H1301 situated at 
electric wires " ends for receiving electric signals 

25 from tbe printer body. Tbe external signal input 

terminals H1301 are positioned and fixed at ttie back 
of. a tanic boldex- H1500 descx-itoed later . 
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Tlx© tanX liol<aer HiSOO -that jremova'bly tiolds the 
±ixk: tanlc H19 0O ±s securely attrached, as l>y ulti:ason±c 
fusing, with, the flow passage foxxning membei: H1600 to 
£oxm an ±nl^ passage H1501 from the inX taxxk H1900 to 
5 the first plate H120O. At the inlc taii3c sid.e end. of 
the ink passage H1501 that engages with the inlc tanlc 
H1900, a filter H1700 is provid.ea to prevent external 
dust from entering. A, seal ruhher H1800 is provided 
at a portion where the filter HI 700 engages the inJc 
10 tan3c H1900^ to prevent evaporation of the inlc farom the 
engagement portion • 
^1^3^^^^ i\s descrihed above, the tanlc holder tanit, which 
incliad^ the tanlc holder H1500, the flow passage 
forming Viemher H16Q0, the filter H1700 and the seal 
15 ruhtoer H^OO, and the print element unit,, which 

includes ^he print element substrate HllOO, the first 
plate H120(\ the electric wiring hoard H13O0 and the 
second plate\H14O0* ax-e combined as by adhesives to 
form the prin\ head HlOOl- 

20 

2 - 2 Carjriage 

Next^ by referring to Pig, 2, the carriage M4001 
carrying the print head cartridge HIOOO will be 
explained* 

2 5 As shown in Fig. 2, the carriage M4001 has a 

carriage cover M4O02 for guiding the print head HlOOl 
to. a predeteacminea mounting position on the carriage 
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M4001^ and. a lieacL set l^veir M4007 tlia't engages and 
pr-esses against tlie tanJc lioiaeir H1500 of ttxe px:3_nt: 
liead. HlOOl to set tlie pari^t liead HlOOl at a 
pxro^etexmlxLed moimtjjng po5±tlon. 
5 Th-at isv tUe liead set lever M4O07 ±s pxovidedl at 

tlie upper pairt of tlie carriage M4001 so as to t>e 
p±votalD3-e about a lieacl set lever shaft- Ttiex-e Is a 
SpriJig- loaded head set plate (not shown) at an 
engagement portion where the carriage M400X engages 
lO the print head HlOOl^ With the spring force ^ the head 
set lever M4007 presses against the print head HlOOl 
to inovmt it on the carriage M4001. 
Q At another engagement portion of the carriage 

^ M400L with the print head HlOOl, there is provided a 

Is? - 

m 15 contact flescihle printed cahle (see Fig- 7 5 sixthly 

referred to as a contact FPC hereinafter) EOOll whose 
i|j contact portion electrically contacts a contact 

portion (external signal input terminals) H1301 
□ provided in the print head HlOOl to transfer various 

20 information for printing and supply electricity to the 
U print head HlOOl. 

Between the contx-act portion of the contact FPC 
EOOIL and the carriage m:4001 there is an elastic 
member not shown « such as rubher . The elastic force 
25 of the elasric member and the pressing force of the 
head ©et lever spring combine to ensure a reliable 
oon-tao-t hetween tlie contact portion of the contact PPC 




BOOll and tlie ceixrriage M4001« Pxojrtliear , tne contiaci: 
FPC EOOXl ±s connected, to a carx-Aage subs-trate E0013 
cnountiea at tlie bacX of ttie caxx*lage M4001 <se© Fd_g. 
7) • 

5 

3 - Scanner- 

Tlie printer of tliXs embocaimen-t can mount a 
scanner* in tbe eaxrr-iage M4001 in place of ttie print 
liead caxtridge HIOOO and be nsed as a reading- device • 
10 Ttie scanrter moved together with the carriage 

M4001 in the main scan direction, and reads an image 
on a document fed instead of the printing medium as 
the scanner moves in the main scan direction. 
Alternating the scanner reading opex^ation in the main 
15 scan direction and the document feed in the sub- scan 
direction enables one page of document image 
information to be r^ad. 

|S • 6A and 6B show the scanner MGOOO upside 
e^cplain about its outline cons tmct ion. 
20 As shown in the figure, a scanner bolder M6001 is 

shaped liKe a bo2c and contains an optical system and a 
processing circuit necessary for reading. A reading 
lens M6006 is provided at a portion that faces the 
surface of a dociament wtien the scanner M6000 is 
25 mounted on the carriage M4001- Ttie lens M6006 focxases 
light reflected from the document surface onto a 
re.adlng lanit xciside the scanner to read ttie document 
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image- Atx illunLLnaftion lens M6005 lias a Xight eoiaxce 
not sliown xnsxde the scannex** The light emitted fr-om 
the light soux'ce is radiated onto the docxMnent thjrotigh 
the lens M6005 . 

The scanner covex M6003 secuirec^ to the bottom of 
the scanner hold.ei: M6001 shields the interior: o£ the 
scanner" holder M60 01 from light. r.ouver-li3c© grip 
portions are provided at the sides to improve the ease 
with which the scanner can be mounted to and 
dismounted from the carriage M4001- The external 
shape of the scanner holder M6001 is almost similar to 
that of the print head HlOOl, and the scanner can be 
moxjnted to or dismounted from the carriage M4001 in a 
manner similar to that of the print head HlOOl. 

The scanner holder M6001 acccxnmodates a substrate 
having a reading circuity and a scanner contact PCB 
M60O4 connected to this substrate is eacposed outside. 
When the scanner M6000 is mounted on the carriage 
M4001. the scanner contact PCB M6004 contacts the 
contact FPC EOOll of the carriage M4001 to 
electrically oonnect the substrate to a control system 
on the printer body side through the carriage M4001. 

4 - Bxample Configuration of Printer Electric Circuit 
Next, an electric circuit configuration in this 

embodiment of the invention will be explained. 
Fig- 7 sohematically shows tiie overall 
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Goii£igxir'a."t±oii of "tlie electx-ic cajrcniit ±a t:tiis 
ombodljnenl: . 

The el©o-bjr±c ci-zrouii: in tti±s eiribod±meiit: coraparxses 
mainly a carriage subatrato (CRPCB) a maixi PCB 

5 (printed circuit board) E0014 and a power supply unit 
E0015- 

Tlie power supply unit B0015 is connected to ttie 
main PCB E0014 to supply a variety of drive power. 



10 board unit mounted on ttie carriage M4001 (Fig- 2) and 
functions as an interface for transferring signals to 
and from the print bead tbrougb tbe contact FPC EOOll. 
In addition, based on a pulse signal output from an 
encoder sensor K0004 as tia^ carriage M4001 moves « tbe 

15 carriage substrate S0O13 detects a dxange in tbe 

positional relation between an encoder scale E0005 and 
tne encoder sensor SO 00 4 and sends its output signal 
to the main PCB E0014 tbrougb a flexible flat cable 
(CRFFC) EO012* 

20 rtxrtber. tlie main PCB EO014 is a printed oircuit 

board unit that controls the operation of various 
parts of the ink jet printing appsiratus in this 
embodiment r and has I/O ports for a paper end sensor 
(PE sensor) E0007, an automatic sheet feeder (ASF) 

25 sensor EO009^ a cover sensor E0022, a parallel 

interface (parallel X/F) E0016, a serial interface 
(Serial I/F) EDO 17, a iresiame key ED 019, an LED E0a20 , 



The carriage substrate EO013 is a printed circuit 
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a power key E0018 and a bixzzei: E0021- The maxn PCB 
E0O14 is connected to and controls a motor (CB motor) 
EOOOl that constitutes a dr±ve sonrce for moving tlie 
carriage M4001 in tlie main soan direction; a motor (LF 
motor) £0002 tlx^t constitutes a drive source for 
transporting tb.e printing medium? and a. motor (PG 
motor) E0O03 tliat performs tlie functions o£ recovering 
tlie ejection pearformance of tlae print head and feeding 
the printing medium. The ^ PCB £0014 also has 
connection interfaces with an ink empty sensor E0006. 
a gap senaor EOOOS* a PG sensor EOOlO, the CRFFC E0012 
and the power supply unit E0015. 

Fig- 8 is a diagram shoving the relation between 
Pigs, SA and 8B, and Figs. 8A and 8B are t>loc)c 
diagrams showing an inner configuration of the main 
PCB E0014. 

l^eferenoe ntsmher ElOOl represents a CPU, which 
has a clocK generator (CG) £1002 connected to an 
osciHa.tion circuit E1005 to generate a system clocJc 
hased on an output signal E1019 of the oscillation 
circuit E1005 • The CPU ElOOl is connected to an ASIC 
(application specific integrated circuit) and a ROM 
Ela04 through a control hus £1014 « According to a 
program stored in the ROM E1004, the CPU ElOOl 
controls the ASIC E1O06, chec}cs the status of an input 
signal E1017 from the power key, an input signal E1016 
from the restxme key^ a cover detection signal E10 4.2 
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ana a tiead detection signaX (HSENS) El 013, dbr±ves tlie 
tjuzzer- E0021 acaorc3i-iig to a buzzear sxgxial (BUZ) EX018, 
ana ctLQclcs til© statuifi of au i-tuc empty detection signal 
(XNKS) ElOll connected to a built:- in A/D oonverter 
5 E1003 and. of a tempearatnire detection signal (TH) E1012 
firom a ttiermistojr, Tti© CPU BIO 01 also performs 
various otlier logic operations and maKes conditional 
decisions to control tli© operation of tHe iJilc jet 
printing apparatus . 
10 Ttie head detection signal E1013 is a head mount 

detection signal entered from tlie print liead cartridge 
HIOOO tlirougli tlie f leasable flat cable E0012, ttie 
carriage substrate EOOL3 and tbe contact FPC EOOll- 
The ink enapty detection signal ElOll is an analog 
15 signal output from the inlg. empty sensor E0006* The 

temperature detection signal E1012 is an analog signal 
from the thermistor (not shown) provided on the 
carriage substrate E0013. 

Designated E1008 is a CR motor driver that uses a 
20 motor power supply (vm> E1040 to generate a CR motor 
drive signal E1037 according to a CR motor control 
signal E1036 from the ASIC E1006 to drive the CR motor 
EOOOl* E1009 designates an I*F/FG motor driver which 
uses the motor power supply E1040 to generate an LF 
25 motor drive signal E1035 according to a pulse motor 

control signal (PM control signal) E10 33 from the ASIC 
Elpoe to drive the motor. The I.P/PG motor driver 
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E1009 also genearates a PG taotoir diri-ve signaJ. B1034 to 
drive trtie PG motor, 

Desl.gTX6it:ed ElOlO ±s a po^wer supply control 
Oircult wlixcl:! controlB tne supply of eleotricxty t:o 
5 respective sensors with light emittixig elements 

accorcLxng to a power supply control signal E1024 from 
the ASIC E1O06. Ttie parallel I/F £0O16 transfers a 
parallel I/F signal E1O30 from the ASIC £1006 to a 
peirallel X/P oat>le E1031 connected to external 
lo circuits and also transfeirs a signal of the parallel 
I/r cahle E1031 to the ASXC E1006, The seria.1 I/P 
E0017 transfers a serial I/F signal E1026 from the 
ASIC E1006 to a serial X/F cahle E1029 connected to 
eternal circuited and also transfers a signal from 
15 the serial I/F cahle E1029 to the ASXC E1006* 

The power supply unit E0015 provides a head power 
signal (VH) B1039, a motor power signal (VM) E1040 and 
a logic power signal (VDD) E1041- A head power ON 
signal (VHON) E1022 and a motor power ON signal (VMON) 
20 E1023 are sent from the ASIC E1006 to the power supply 
unit E0O15 to perfoarm the ON/OFF control of the head 
power signal E1039 and the motor power signal E1040, 
Ttie logic power signal (VDD) Ei04l supplied from the 
power supply unit EG 015 is voltage -converted as 
25 required and given to various parts inside or outside 
tlie main PCB E0014. 

Tne head power signal E1039 is smoothed "by a 
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cir-oiaxt o£ the ina.±n PCB E0014 and. ttxen sent: out to tlie 
flexible flat cable EOOll to be used for driving ttie 
print tLead cartridge HIOOO* E1007 dLenotes a reset 
circiait wbicti detects a reduction in tb.e logic power 
5 signal E1041 and sends a reset signal (RESET) to the 
CPU ElOOl and. tlie ASIC E1006 to initialize tUeiti- 

Tbe ASTC E1006 is a single-cliip semicond-uctor 
integrated circuit and is controlled by ttie CPU ElOOl 
tbrongli ttte control bus E1014 to oxitput ttie CR motor 
10 control signal E1036^ tbe PM control signal B1033 ^ the 
power supply control signal E1024, tlie liead power ON 
signal £1022 and. ttie motor power ON signal E1023. It 
also transfers signals to and from tlie parallel 
interface EO016 and thie serial interface E0017- In 
15 addition « tHe ASXC E1006 d.etects tlie status of a PE 

detection signal (PBS) E1025 from tne PE sensor E0007, 
an ASF detection signal (ASFS) £1026 from tlie ASF 
sensor EO009, a gap detection signal (GAPS) E1027 from 
tlie GAP setisor E0008 for detecting a gap between tlie 
20 print liead and the printing medium, and a PG detection 
signal (PGS) E1032 from tlie PG sensor EOOlO, and sends 
data representing tlie statuses of tnese signals to tlie 
CPU ElOOl tlirougli ttie control t)us E1014 . Based on tlie 
data received, tne CPU ElOOl controls tlie operation of 
25 an I.ED drive signal E1038 to turn on or off tlie LED 
E002O . 

Furttier. ttie ASIC B100 6 ctieclcs tlie status of an 
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encoder sxgnal (ENC) E1O20, generates a timxng signal,, 
xnterfaces witli t:Ue par±iit: liead. cartridge HIOOO and 
contarols tlie print operation by a head control signal 
E1021- Tne encoder signal (EMC) E102O is an output 
5 signal of the CR encoder sensor E0004 received ttirougti 
the flexible flat cable B0012. The head control 
signal E1021 is sent to the print head Hiool through 
the flexible flat cable E0012^ carriage substrate 
E0Q13 and contact PPC EOOll. 

10 is a diagram showing the relation betweexi 

Figs - OA and 9B ^ and Figs . 9A and 9B are block 
diagramsX showing an e^cample internal configuration of 
the ASIcVl006. 

In these figures, only the flow of data, such as 

15 print data and motor control data, associated with the 
control of the head and various meohemical components 
is shown between, each bloclc, and control signals and 
cloolc associated with the read/write operation of the 
registers incorporated in each bloclc and control 

20 signals associated with the DMA control are omitted to 
simplify the drawing, 

Xa the figures^ reference number E2O02 arepresents 
a PIjLi controller which, based on a clooK signal (CLK) 
E2031 and a PLI. control signal (PI-LON) E2033 output 

25 from the CPU ElOOl, generates a clock (not shown) to 
be supplied to the most part of the ASIC E1006- 

Denoted E200X is a CPU interface (CPU I/F) E2001. 
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wtiicri oontirolB tlie x-eae/write opezration o£ xregls-ter xn 
eacln t>locIc, supplies a clock to some bloclcs and 
accep-ts an interrupt: signal (none of -tiiese operatiions 
are stLOWix) according to a reset signal E1015, a 
5 software reset signal (PDWN) B2032 and a cloclc signal 
(CnK) E2031 output from tlie CPU EXOOl, and control 
signals from tlie control bus B1014* TUe CPU I/P E200i 
tlien outputs an interrupt signal (INT) E203 4 to tiie 
CPU ElOOl to inform it of tlie occurrence of an 
10 interrupt witliin tHe ASIC E1D06. 

E2005 denotes a DRAM wlxicli lias various areas for 
storing print data, sucli as a reception buffer E20lO^ 
a work buffer E2011, a print buffer E2014 and a 
development data buffer E2016 . Tlie DRAM E2D05 also 
15 has a motor control buffer H2023 for motor control 

and^ as buffers used instead of tlie above print data 
l>uffers during tbe scanner operation mode« a scanner 
input buffer E2024, a scanner data buffer £2026 and an 
output buffer E2028« 
20 Tbe DRAM E2005 is also used as a worlc area by tlie 

CPU ElOOl for its own operation. Designated E2004 is 
a DRAM control unit B2004 wliicb. performs read/write 
operations on tbe DRAM E2005 by switcbing between tlie 
DRAM access from the CPU ElOOl through the control bus 
25 and tha DRAM access from a DMA control unit E2003 
described later. 

The DMA control unit E2003 accepts request 
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slgrLaJ.5 (ixot shown) firom vaxious t)loc3cs and. outputs 
ad^ess sxgnaXs and contixxl signals (not sliown) an<J, 
in th.e case of wxri-te opejrat±on^ wirite data 
E2041, E2044^ E2053 , E2055, E2057 etc, to ttie DRAM 
5 control iani.t to ma3ce DRAM accesses - In the case of 
read opeiration, the DMA control im±t B2003 transfers 
the read data £2040^ E2043, E2045* E2051, E2054 , 
E2056, E2058, E2059 from the DRAM control unit B2004 
t:o the re<3i2est±ng t>loc3cs- 

lO Denoted E2006 is an XEEE 1284 I/F which functions 

as a "bi-directional communication interface witli 
external host dev^ioes, not shown ^ through the parallel 
T/F E0O16 and. is controlled hy the CPU ElOOl via CPU 
I/F E2001. During the printing operation, the IEEE 

15 1284 I/P E2006 transfers the reoeive data (PIF receive 
data E2036) from the parallel I/F E0016 to a reception 
control umit E2008 by the DMA processing. During the 
scanner reading operation, the 1284 I/F E2006 send.5 
the Oata (1284 transmit data (RDPIF) E2059) stored in 

2 0 the output huffer E202S in the DRAM E2005 to the 
parallel X/F E0016 hy the DMA processing. 

Designated E2007 is a universal serial Due (USB) 
X/F which offers a bi-directional communication 
interface with external iiost devices, not shown, 

2 5 through the serial I/F E0017 and is controlled by the 
CPU ElOOl through the CPU I/F E2001- During the 
printing opeacation, the laniversal serial bus (USB) I/F 
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£2007 transfers receive<3 data (USB receive aata E2037) 
from -tlxe serial I/P E0017 "to -ttie reception control 
unit E2008 t>y tlio DMA processing- Diiring tlie scanner 
reading. tHe universaX serial bus (USB) I/F E2007 
sends data (USB transmit data (RDUSB) E2058) stored in 
th-e output tnajffer K2028 in the DRAM E2005 to the 
serial I/F E0O17 t>y the DMA processing* The reception 
control unit E2008 writes data (WDIP E2038) received 
from tlie 1284 I/F K2O06 or universal serial hus (USB) 
I/P E2007, vzhidiever is selected, into a reception 
huffer write address managed "by a reception buffer 
control unit E2039 • 

Designated £20 o9 is a compression/ decompression 
DMA controller which is controlled lyy the CPU ElOOl 
through the CPU I/F E2001 to read received data 
(raster data) stored in a reception buffer E2010 from 
a reception buffer read address managed by the 
reception buffer control unit E2039, compress or 
decompress the data (RDWK) E204O according to a 
specified mode^ and write the data as a print code 
string (WDWK) E2041 into the work buffer area, 

Designated E2013 is a print buffer transfer DMA 
controller which is controlled by the CPU ElOOl 
through the CPU I/F E2001 to read print codes (RDWP) 
E204 3 on the worX buffer £2011 and rearrange the print 
codes onto addresses on the print buffer E2014 that 
ma,toh the sequence of data -fcremsf er to the px-int head 
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cairtrxd-ge HIOOO laefoare -tiransf er^ring tlie codes (WDWP 
K2044). Refearenoe numbex- E2012 denotes a work area 
DMA GontrolXex wb-icJa xe controlled by ttie CPU ElOOl 
ttarougb tlie CPU I/F H2001 to repetitively write 
specified worfc fill data (WDWF) E2042 into tbe area of 
the work buffer whose data transfer by the print 
buffer transfer DMA controller E20X3 has been 
completed . 

Designated E2015 is a print data development DMA 
controllex^ E2015, which is controlled by the CPU ElOOl 
through the CPU I/F E2001 ► Triggered by a data 
development timing signal E2050 from a hea.d control 
unit E2018, the print data development DMA controller 
E2015 reads the print code that was rearranged and 
written into the print buffer and the development data 
written into the development data buffer E2016 and 
writes developed print data (KDHDG) E2045 into the 
column buffer E20X7 as column buffer write data 
(WDHDG) E2047- The coliamn buffer E2017 is an SRAM 
that temporarily stores the transfer data (developed 
print data) to be sent to the print head cartridge 
HIOOO, and is shared and managed by both the print 
data development DMA CONTROLLER and the head ooutx-ol 
unit through a handshalce signal (not shown) - 

Designated E2018 is a head control unit E2018 
which is controlled by the CPU ElOOl through the CPU 
I/JF E2001 to i.nterfa.ce with the pir5_n.t head cartridge 
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HIOOO OJT tlie scanxiez: tlixougli the IxeacL contjrol sigtia.!- 
It also outpu-bs a daiza <aevelopmetit: 1:±in±ng signal E2050 
to -ttLe px'i.nl: data, development: DMA contr-ollei: according 
to a liead dx-ive timing signal E2049 from tlxe oncodeir 
5 signal processing -unit E2019* 

During tlxe printing operation, tUe li^ad control 
unit E2018, vrlx&TL it ireceives ttie liead drive timing 
signal E20 49^ reads developed print data (RDHD) K204i8 
from the column buffer and outputs tb.e data to tiie 
lo print ixead cartridge HIOOO as tlie liead control signal 
E1021- 

Xn tlie scanner reading mode, ttie head cocitrol 
unit E2018 DMA.- transfers the input data (WDHP) E2053 
received as the head control signal E1021 to the 

15 scanner input buffer £2024 on the DRAM E2005* 

Designated B2025 is a scanner data processing DMA. 
controller E2025 which is contarolled hy the CPU ElOOl 
through the CPU I/F E2O01 to read input buffer read 
data (RDAV) E2054 Stored in the scanner iaput buffer 

20 E2024 and writes the averaged data (WDAV) E2055 into 
the scanner data buffer B2026 on the DRAM E2005. 

Designated E2027 is a scanner data compression 
DMA controller which is controlled by the CPU ElOOl 
through the CPU T/P E2O0X to read processed data 

25 (RDYC) E2056 on the scanner data buffer E2Q25, perfoxm 
data compression, and write the compressed data (WDYC) 
E2.057 into the outpur buffer E202S for transfer. 
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unit which, when it receives an encodex signal (ENC) , 
outputs th© head d:i:ive timing signal E2049 according 
to a mode determined try the CPU ElOOl* The encodex* 
5 signal processing unit E2019 also stores in a register 
information on the position and speed of the carriage 
M4O01 obtained from the encoder signal E1O20 and 
presents it to the CPU £lO01. Based on this 
information, the CPU ElOOl determines various 

lo parameters for the CR motor E0001« Designated E2020 

is a CR motor control unit which is controlled by the 
CPU BIO OX through the CPU X/F E2001 to Output the CR 
motor control signal K1036. 

Denoted B2022 is a sensor signal processing unit 

15 which receives detection signals E1032, E1025^ E1026 
and E102 7 output from the PG sensor EODIO, the PE 
sensor EO007, the ASF sensor E00O9 and the gap sensor 
E0008, respectively p. and transfers these sensor 
information to the CPU ElOOl according to the mode 

20 deterrnxned hy the CPU ElOOl. The sensor signal 

processing unit E2022 also outputs a sensor detection 
signal E2052 to a DMA controller E2021 for controlling 
LF/PG motor* 

The DMA controller E202X for controlling LF/PG 

25 motor is controlled hy ttie CPU ElOOl through the CPU 
l/F B2001 to read a pulse motor drive table (RDPM) 
E2.051 fx-om the motojc control biaff&ac* E2023 on the DRAM 
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E2005 anci outpiat a pulse motoz: cotltirol 6±gnaX E1033 . 
Dependxng on -tlie opez:ai:±on mode, ttie contx-olleir 
output© tlie pvuLse motor corxtacol sxgnal E10 33 upon 
receptrion of tli^ sensor- de-tection signal as a oontrol 
5 trigger-. 

Designated E2O30 is an LED control unit wliicli Is 
controlled l>y the CPU ElOOX tHarougH thie CPU I/F E2001 
to output an LED drive signal E1038, Further, 
designa.ted E2029 is a port control unit wtLich is 
xo controlled Ijy the CPU ElOOl tHrougli tiie CPU I/F E2001 
to output ttLe head power ON signal B1022« ttie motor 
power ON signal £1023 and tlie power supply control 
signal E1024. 

15 5* Operation of Printer 

Neact, "ttte operation of tlie inJc jet printing 
appara^tus in tUis embodiment of tne invention witli tne 
above configuration will be explained by referring to 
tHe flow chart of Fig- 10. 

20 When the printer body Mlooo is coimeoted to an AC 

power supply, a first initialization is performed at 
step SI, In this initialization process, ths electric 
circuit system including the ROM and RAM in the 
apparatus is oh^cJced to confirm that the apparatus is 

25 electrically operable. 

Next, step S2 checlcs if the power key EOOIS on 
tb,e upper case M100 2 of the printer body MlOOO is 
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titxmed. on. When x't ±s dec±decl 1:bLa.l: Tix&> powezr Key 
KOOIS ±s pz-essed, 1:b.e px'ocessdLng moves i:o Irlie nesct 
stiep S3 whezre a seeond. d^x-txaX^zatri-ozi ±s pexfoxmed. 

In tbJ-s second initialxzation, a. clxeclc is made of 
5 various dxive medxanxsms and ttie pr-int Iiead of tliis 
apparatuis , That is, when vaarioue motors axre 
initialized and liea.d inf oxmation is read, it is 
chec3ced whettieir tloe appaxratus is normally operalDle . 

Next, steps S4 wa.xts for an event. That is ^ this 

ao step monitors a demand event from the esrt:ernal I/F, a 
panel key event from the user operation and an 
internal control event and, when any of these events 
occurs, executes the corresponding processing • 

When^ for eacample, step S4 receives a print 

15 coifiniRTid event from the external I/F, the processing 
moves to step SB. When a power key event from the 
user operation occurs at step S4, the processing moves 
to step S10« If another event occurs, the processing 
moves to step Sll. 

20 Step S5 analyzes the print command from the 

external i/r, checks a specified paper kind, paper 
size, print quality, paper feeding method and others, 
and stores data representing the check result into the 
DRAM B2005 of the apparatus hef ore proceeding to stap 

25 S6 - 

Next, step S6 starts feeding the paper according 
to. the paper feeding method specified hy tlie step S5 
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until -tlae papex iB s±t:ud1:ed at ttie px-xnt start 
positxon- Tlie px-oce5S±ng moves to step S7 • 

At step S7 tlxe printing opejration xs pearfoxmed* 
In tliis pirinting opex-ation, the pirxnt data sent from 
5 the exteimal I/F i-S stored tempoirar-ily ±n the print 
buffer. Then, tHe CR motor £0001 is starte<a to move 
the oarriage M40O1 in the main-scanning Oirection* At 
the same time^ the print data stored in the print 
bnf^fer £201^ is transferred to th« print head HlOOl to 

lo print one line. When one line of the print data has 
been printed^ the LF motor E0002 is driven to rotate 
the r.F roller M3001 to transport the paper in the snb- 
soanning direction. After this, the above operation 
is executed repetitively until one page of the print 

15 data fJTom the external I/F is completel^^ prijitedp, at 
which time the processing moves to step S8- 

At step SS, the IiF motor EQ002 is driven to 
rotate the paper discharge roller M2003 to feed the 
paper until it is decided that the paper is completely 

20 fed out of the apparatus, at which time the paper is 
completely discharged onto the paper discharge tray 
M1004. 

Next at step S9 ^ it is cheolced whether all the 
pages that need to he printed have been printed and if 
25 there are pages that remain to be printed, the 

processing returns to step S5 and the steps S5 to S9 
ar.e repeated., Wlxen all the pages that need to t>e 
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printed liave been pira-nted.,, Iilie parint opera"bion xs 
ended and ttxe parocessxng moves to step S4 waiting for 
tiie ne:Kt event. 



5 processing to stop tlae operation of tlie apparatxzs . 
TbLat: is, to turn off various motors and print liead, 
tliis step arenders tlie apparatus ready to "be cut off 
from power supply and ttien turns off power ^ "before 
moving to step S4 waiting for tlie nest event . 

10 Step Sll performs otlier event pjrooessing. For 

example , tliis step performs processing corresponding 
to tb.e ejection performance recovery ooxomand from 
various panel keys or external I/P and tlie ejection 
performance recovery event tliat occurs intemally- 

15 After ttie recovery processing is finislied, tlie printer 
operation moves to step S4 waiting for ttie next event: . 

6 - Head Configuration 



20 tb.e print head HlOOl used in this embodiment will be 
descrit>ed , 

Fig- IX is a sdiematio front view of tlie Head 
used in ttiis emtiodiitient to ^realize liigh resolution 
printing- In ttiis example, two parallel columns eacti 
25 hiaving 12S nozzles are spaced from each, other in the 
main scan direction (carriage scan direction) and 
staggered or shifted t>y ahout 21 |im from each other in 



Step SIO performs the printing termination 



The construction and arrangement of nozzles in 
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the siit>-scaii diareclixon (papex* feed dJ-rection) , with 
the 128 nozzXes in each colunm ascoranged at a 60O-DPX 
pitch (abo-at 42 pm pitch). These two zxozzle coLoaxtiris 
ax-e used fox: each color' and thezrefoxe a total of 256 
5 nosszles are used to achieve a 1200 DPI resolution fox- 
each colox-* Further-, in the example shown ^ the print 
head has 12 such nozzle columns integrally arrang^ed 
side by side in the main scan direction to produce six 
colox-s with the 1200 DPI resolution • In the process 
10 of manuf actixre, the columns of two adjoining colors 
are fabricated simultaneously in one chip and then 
three such chips are bonded side by side. Hence, the 
nozzle columns of two adjoining colox-s in each chip (a 



set of blacJc (Blc) and light cyan (LC) , a set of light 
15 magenta (IfM) and cyan (C) and a set of magenta (M) and 
yellow (Y) ) have more similstr driving conditions than 
othexr colors. With this construction,, simply 
adjusting the ejection timings of the two adjoining 
colors can realize the 1200 DPI printing resolution. 
20 In the case of 1200 dip, each pixel occupies an area 

of about 21 pm square on the paper. The ink drop used 
in this embodiment is 4 pi in volume and forms on the 
paper a circular dot about 45 fun across. 

25 7* Px-inting Apparatus and Printing Method 

First and second examples of the inlc jet printing 
apparatus and inic Jet printing method using the above- 
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desaritoed priii-t liea.d wxll escpXsLLned « Ttie inlc jet 
print irig apparatae emd metiiod in ttie followxng 
examples adopt a muJ-t±pass piri_nt±ng tliat completes an 
xmage i-n eacli pz?±nt ar-ea by execixting- ^oxxxr mad-zi scans 
(four passes) ♦ 

F±g. 12 is a block diagram sctLematically stxowing 
an image processing xxnit in th.is embodiment. 

In ttie figure, reference number 11 represents an 
input terminal, 12 a print buffer, 13 a density 
variation (striped density variation) detecting unit: , 
14 a pass number setting unit, 15 a mask processing 
unit, 16 a mask pattern table, 17 a Ixead l/F unit, and 
18 a print head* 

Bit -map data entered from tlie input terminal 11 
is stored at a predetenoined address in tbe print 
buffer 12 (corresponding to a column buffer E2017 of 
Pig, 9B) by a print buffer control uuiit, wbich. 
includes a printer buffer E2014^ a development data 
buffer £2016^ a data development DM21 E2015 and a 
column buffer E2017 . Tbe printer buffer 12 lias a 
capacity to store as muoli bit-map data as one scan and 
one paper feed and constitutes ring buffers . such, as 
FIFO memories « one for eaob paper feed. Tlie print 
buf f er control unit controls the print b\if f er 12 to 
store ttie bit -map data for eacH scan in ttie print 
buffer 12, tnen starts a printer engine- reads tlie 
bi,t-map data from tbe print buffer 12 according to tbe 
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posirions of tlie nozzXes of ttie pxrint liead, and enters 
th© l5it-map clata int:o ttie pass numtoax" setting unit 14. 
Wtieii ttie "bit -map data o:f tlie next scan is entexed from 
ttie input texmiziai Xl^ the print t>taf£er controX unit 
5 controls the print buffer 12 to store the data at a 
vacant area in the print hudEfer 12 (a buffer area 
correspondingr to the paper feed dfor which the printing 
has been completed) - 

lo B« Striped Density Variation Detection and Pass 
Number Setting 

The striped density vsuriation detection unit 13 
detects a striped density variation amount of the 
print head HlOOl for each color ^ e.g^, droplet 

15 deflection, ejection amount and ejection speed* The 
striped density variation detection unit 13 may 
include, for example, a control unit for having the 
print head print a test imag^e, such as predetermined 
patches or patterns, a read unit for reading the test 

20 ±jna.ge by an optical sensor, a calculation ^ulit fox* 

estimating the stripe<3. density variation amount of the 
print head HlOOl for each color based on the result of 
reading, and an EEPROM (memory means) for storing the 
calculated result* The reading unit may use a scanner 

25 H6000 with a construction as shown in Pigs. 6A and 6B. 
The scanner H6000 may be mounted on the carriage M4 001 
in, place of the print Ixead. cartr±age HlOOO and moved 
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■togethear with, ttie oarxiage M40O1 in tlie main scan 
dJ.irec1:ion -fco aread the "best image. II: is aiso possible 
to install an optical scannex^ on tlxa paper transport 
passage in tlie printing appar-atus so as to xeacl tlie 
5 pattejm immediately aftex* "being parinted and. to analyze 
ttie printed pattern, mien tlie striped density 
variation amounts for different colors are stored in 
tbe striped density variation detection unit 13, th.ey 
are ontp-at to the pass number setting unit 1^ along 

IQ with, information stored in the print buffer 12. The 
pass nismber setting unit 14 sets the number of passes 
and outputs it to tae mask processing xmit 15 . The 
maslc pattern table 16 selects a required mask pattern 
from, for exanqple^ prestbxed 1-^ 2- and 4-pass mask 

15 pattern tables according to the determined divided 

pass number and then outputs the selected mask pattern 
to the mask processing unit 15. The mask processing 
unit 15 divides the bit -map data stored in the print 
buffer 12^ and the divided bit -map data are rearranged 

2 0 in the order of head driving by the head I/F unit 17 
before being transferred to the head 18. 

A more deizailed example of the pass number 
setting un.it in the image processing unit will be 
described. The pass number setting unit 14 determines 

25 a divided pass number and outputs the number to the 
mas3c processing unit 15* The mask pattern table 16 
selects according to a determined divided pass number 
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a requ5-x:e<a xnaslc pattern from pirestored masK pattern 
tal^Xes^ £02: exampxe, maslc pattex^n tables for 2-^ 4- 
and 8-pa9s pr-xnti-ng, emd output s tlie seXected. mask 
pat term to tlie mask processing ixnit 15 - Tlie maslc 
s processing unit 15 aiask.s tlie t>it-inap data stored i_n 
the print touf f er 12 with ttie mask pattern for each 
pass and outputs the masked data to the head driver - 
The head driver rearranges the masked hit -map data in 
the order of us© by the print head 18 before 

10 transferring them to the print head 18. 

Fig- 21 is a hiook diagram showing a detailed 
configuration of the pass number setting xxnit 14 . 

In Fig, 21, denoted 141 is a pass number decision 
unit that determines the number of passes for the 

15 printing of K ccanponent print data; 142 a pass number 
decision unit that determines th& number of passes for 
the printing of C component print data: 143 a pass 
number decision unit that determines the number of 
passes for the printing of M component print data; and 

20 144 a pass number decision unit that determines the 

nxunber of passes for the printing of Y component print 
data. Designated 14S is a pass number decision unit 
that detects the largest of the pass numbers 
determined by the pass number decision units 141-144 

25 for the printing of each color component . 

The striped density variation information for 
each nozzle detected, by the striped density variation 
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de-tection unit 13 for use in ejecting esLOli color inJc, 
such, as a standard, deviation, em average and a ina3c±mum 
of inK droplet deflection, an inJc ejection amount and 
an inJc ejection speedy is transferred to tue paes 
5 nuiTil:)er decision units 141-144, Tiie bit -map data for 
eacli scan and for eacli color cojnponent stored in tli© 
print buffer 12 is transferred to tlie pass number 
decision units 141-144. Th.en, tlie divided pass nxaxnber 
is determined for each, color component print data* 
lo This decision is xnade based on various factors 

contributing to striped density variations detected by 
tiie striped density variation detection unit 13* One 
Q of tbese factors is considered, for example, droplet 

~ deflection information for eacli nozzle group tbat is 

ry 15 used for ejecting color inlcs. Based on tbis , droplet 

S deflection information, a. certain tbresliold veilue is 

set- For example, two tbresbold values « 3 \ua and 6 
J pm^ are set for tbe standard deviation of droplet 

j=H deflection- Tbe amount of droplet deviation (o) is 

ij] 20 compared witb tbeae tbresbold values. Tbe divided 

^ pass number for tbe bit -map data is preset so tliat tne 

p printing is pexrformed in two passes wben 0^3 pm* in 

fo\ir passes wben 3<cris6 imxsl, and in eigbt passes wh.en 
cy>6 pm. 

25 For eaob of tbe remaining factors contributing to 

tbe striped density variations » an optimum pass niamber 
is. determine*^ in a similar manner. Tbese factors are 
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wei-^iited em.cl t:he pa.ss numbex- decision una. lis 141-144 
<ie'kexin±tLe the pass aumbex-s for r-espectiv© color* 
oomponeixtis ajid oia-tput: them to the pa-ss numbex- d.ecls±OTi 
unxt 145- The pass number' decxsion unit 145 extracts 
5 the largest pass number from the pass numbers for rhe 
color components determlXLed hy the pass number 
decision units 141-144 and outputs it to the mask 
processing unit IS ^ The maslc processing unit 15 
selects a maslc pattern according to the pass number 
10 received and transfers tne masked bit -map data to ttie 
head driver- When the factors considered are only the 
droplet deflection information, there is no need for 
^ weighting * 

^ Next , the process of determining the pass nxamber 

rU 15 t»y applying the above method to an example image 
^ recording will he described. 

-•O Fig. 22 shows an example case of printing an 

^ image made up of a plurality of color areas on a page 

□ of print medium. In Fig. 22^ deisignated 41 is an 

20 effective print area of a print medium (print paper) , 
1^ 42 a hlack print area, 43 a red print area, 44 a green 

2 print area, 45 a hiue print area, 46 a hlack print 

area, and 47 a natural image prin-t area* 

Referring to tlie flow chart of Fig. 23, we will 
2 5 explain about the process of determining the pas^ 

number from the threshold values (the two threshold 
val.ues described above) that were determined, hasea on 
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•tlie stazidaxcl deviations of tooplet def Xectioix r "tHe 
s-bandar-<a dev'la.i:±orLs bexng X, 2, 3 and 4 for* ttie 

C, M and Y ixOc nozzles r-espectxvely , of tlie print 
h.ead HlOOl- 

5 First, at step SlOO, bit-map data for a band 

printing on tbe biacic print area 42 or for one scan of 
tlie print bead HlOOl is transferred to tbe print 
buffer X2- Tbe data transferred in tbis case is K 
component print data. 
10 Naxt, at step SllO, tbe pass number decision 

xinits 141-144 determine tbe print pass nxmbers 
according to tbe metnod described above. Because tbe 
O printing on tbe black print area uses only tlie K 

^ component print data, only tbe pass number decision 

fU 15 unit 141 is used and tbere are no otlier bit -map data 

^ to be used by otber pass number decision units 142- 

144^ Because tbe droplet deflection standard 

hi 

r deviation for tbe K iiik: nozzle is o-l (^m) « tbe number 

^ of passes used to print tlie black print area 42 is 

y 20 determined as "2." 

^ Further^ at step S120, tbe pass numbers 

Q determined by tbe pass number decision units 141-144 

are transferred to tbe pass number decision unit 14 5 
wnicb then determines a final pass number . 
25 Then* at step S130^ based on the result of 

decision made by the pass number decision unit 145 . a 
muj-tipass printing is executed. Tbe printing on tbe 
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blacic print aucea 42 reflects only tJae x-esixlt of 
cl^c±s±on made tiy tlxe pa.ss mjnit)ea? decision unit 141 and. 
tlie 2-pass printing is started - 



5 one scan by th.e print tiaad HlOOl is fin.isb.ed, it is 
cliecJced wbetti^r a series of print operations is 
completed- Wtxen tbe print operation is to be 
continued, tlie processing returns to step SlOO and 
repeats tbe above sequence of operations. Wlien the 

10 sec^enoe of print operations is determined as 

complete^ tlie processing is ended. 
^ In tlie case of printing an image sbown in Fig, 

wben tb.e printing of tbe black print area 42 is 
finisbed, a red print area 43 starts to be printed. 

15 In tlie printing of tbe red print area 43 , M 

component print data and Y component print data are 
used^ so tbat tbe step SllO determines tbe pass 
numbers for tbe printing tbat uses tbe M component 
print data and for tbe printing tbat uses tbe Y 

20 component print data. Because tbe droplet deflection 
standard deviation for tbe M inlc nozzle is a=3 (pm) 
and tbe droplet deflection standard deviation for tbe 
Y in3c nozzle is o=4 (pm) as described above, tbe pass 
number for tbe M inic printing is determined to be "2" 

25 and tbe pass number for tbe Y ixil^ printing is 

determined to be " 4 . " It is noted tbat in tbis 
pr^inting tbere are no bit -map data to be used by tbe 



Finally^ at step S140, eacb time tbe printing of 
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pass nuun'bex' d.ecisa-on unx-ts 141^ 142 "to dLetexnixne tJae 
pass n'axnbe:r5 . 

Hence, tlie outpu-ts ±x:oxti -tlie pass numT^er <a.eci_sion 
units 143, 144 axe tx-ansf exx^ed. to tlie pass number* 
5 decision unit 145, whicli tlien extracts tJie largest 
pass number. "4", initiating tbe 4-pass printing on 
-tlie red print area 43 . 

Tbe similar px-ocessing is also oarriocSl out on tbe 
green print ax-ea 44 and. tb.e blue print ax*ea 45, 
10 Next^ wlien an area baving tbe blacK px-int area 4 6 

and the natural image print area 47 arranged side by 
side in tbe main scan direction is to be printed, 
because tbe pirinting on tbe blaOc pxint area 46 uses 
only tbe K component print data and tbe printing on 
15 tbe natux-al image pxint area 47 uses tbe c, M emd Y 

component print data^ tbe bit-xnap data for tbe K. C, M 
and Y components stored in tbe print butFfer 12 are 
input to tbe pass number decision units 141-144, wbicb 
tben determines tbe respective pass numbers to be "2," 
2o "2," ■'4- and "4-'" 

Tben tbese pass numbers are trans£exred to tbe 
pass numbex* decision unit 145 vbicb tben extracts tbe 
largest value "4," initiating tbe 4 -pass printing . 

According to this embodiment, because tbe pass 
25 niomber is dynamically determined based on tbe nozzle 

pxecision information (droplet deflection information) 
of. the print bead HlOOl for each colox component and 
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on tlie on©- scan prin-t data for* eacH color* component, 
ttie stx'±ped. densxty vax*±at±03a3 can toe r-edviced while 
pex-f oirTO-i ng b.xeb*sp^^^ parojitlng. 

Th© optxmiAm pass number* may also "be d-etearmlned. by 
5 slmilar-ly setting ttie ttiresliold values for otliex: 
factoors tban the droplet deflection infoxmatlon 
contaributing to tlie stzriped density variations and by 
weighting ttiese factors foxr overall evaluation* 
Fig. 24 is a block diagram sliowxng anotbex 
lo functional conf igur-ation of tbe image px-ocessing unit. 

In Pig- 24, constirutional elements identical 
witb. tbose of Figs* 21-23 ax*e given liJce reference 
numbers and tbeii: explanations are omitted- Fig- 24 
sbows tbe configuration ranging from the input 
15 terminal 11 to tbe point toefore the pass number 
decision xrnlt 145. 

As shown in Fig. 24 « a buffer decision unit 302 
is provided between the print buffer 12 and the input 
terminal 11 • The print buffer 12 has a print buffer 
20 303 for storing K component data of nattaral Images « a 
print bxiffer 304 for storing K component data of 
characters, a px-int buffer 305 for storing C component 
data, a print buffer 306 for storing M component data, 
and a print buffer 307 for storing Y component data. 
2 5 In this embodiments the pass number decision unit 

141, which has been ei&plained in the embodiment shown 
in. Fig-s . 21-23^ com£>ri5es a pass nimiber a.ecision unit 
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141a fox: ^e-bermi-n i ng tlie pass n'uxn'ber' for ttie printing 
miali uses -blie natiiraJ. Ima^e K component: d^-ta and a 
pa&s number decision unit 141t> for determining tlie 
pass n-oml^er for th.e printing tlxat uses ttie cliajcacter K 
5 component data. 

Hence, ttxe t>uffer decision unit 302, wtien storing 
the data received from tlie input terminal 11 into th.e 
print lDix££er 12, clieclcs wtiettier ttie data is intended 
for natural images or for cTiaracters . Tine mertiods for 

10 distinguistiing l^etween cliaracter data and natural 

image data include a variety of conventional means . 
sucb. as one utilizing local ciiaract eristics of an 
image (hiistogram^ frecjuency measurement, etc-)- This 
invention therefore can employ whatever methods are 

15 available as long as the image- charact&r distinction 
can t>e made . 

Generally- the allowable range of print head 
variation is wider for the character printing than for 
the natural image printing^ That is, the allowable 

20 range for the perception of striped density variations 
is wide for characters. 

Fig* 25 shows an example page of a print medium 
on which blacX characters axid a natural image are 
miacedly printed. In Fig, 25, reference number 51 

25 repiresentB oxa effective print area of the print 

medium, 52 a black character print area, and 53 a 
natural image print area. 
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Wlxen pxxnting an i-mage as sliown in Fig» 25^ only 
tue tilacX claaractejr a^ea 52 ±s £±jrst: print:e<a and 
rhex-efore all ttie bxt-map data is s-toxed only in tlie 
pirint: buffer: 304- Hence when -the printing is done 
using only the K component print data of characters , 
the pass number decision unit i41h moderates the 
rhreshold values used for determining the pass numher, 
i * e . , lowers the threshold values ^ that were 
calculated hased on the characteristic information of 
the print head HlOOl obtained by the striped density 
variation detection unit 13^ to ensure that a smaller 
pass number is chosen. 

As explained in the embodiment shown in Figs. 21- 
23, when the standard deviation of droplet deflection 
for the K inX printing is 1 |xm, if the threshold val.ue 
set in the embodiment of Pigs. 21-23 is used, a 2-pass 
printing is performed regardless of whether the data 
is used for forming characters or a natiaral image. 
In this embodiment, however ^ when the buffer 
decision unit 302 decides that the K component data is 
used to form a natural image, the bit*map data is 
transferred to the print buffer 303 and then to the 
p€LSS number decision unit 14la, wbich in turn 
determines the number of passes in which the bit -map 
data is printed- mien the K component data is found 
to be used to form characters, the bit-map data is 
transferred to tbe print buffer 304 and then to "Che 
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pass nixmt>er decision imxl: 141b, whicli tlian detearmin^s 
■tlie number- of passes in wtiicti tHe bit-map datia is 
pxrinted - 

Ttie pass nmriber" decision xinii: 141a determines the 
5 pass nximber- in a way similax to that o£ the embodiment 
shown in Figs- 21-23. Because the characteir forming 
qfuality has a iaarge toiezrance fox* the striped density 
variations, the pass number decision \anit 141b 
determines the pass number so that the printing is 
lo performed in one pass when the standard deviation (o) 
is a^3 ijoxi, in two passes when 3«7s6 irni, and in foux: 
passes when cx>6 nm. 

As a resist, accoc-ding to this embodiment, if the 
standax-d deviation of droplet deflection is small, it 
15 is lilcely that the blaalc character area 52 may be 

printed in one pass, increasingr the printing speed. 

Xn other px-int areas, the pass numbers are 
determined in a manner similaur to that of the 
embodiment shown in Figs. 21-23, and their 
20 explanations aire omitted. 

In the conf igux-ation shown in Fig. 24, the 
character -natural image distinction is made only for 
the K component print data. The similar distinction 
may also be made for coloi: characters by pjroviding a 
25 charactei: print bnffer and a pass number decision unit 
for othex" color component data- This helps realize a 
faster printing speed. 
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Po-g. 26 snows still anotlxer example of functional 
conf iguxratxon of the image pjrocessing unit. 

In Fig. 26, oonstitutional elements identical 
with, ttiose of the embodiment shown in Figs- 21-24 axe 
5 assigned like arefearence numerals and their 
eacplanations ajce omitted. Fig. 26 shows the 
conf igvLcation x^anging farom the input terminal 11 to 
the pass numher decision unit 14 • 

In Fig- 26, denoted 130 is a data total amount 
lO measuring unit - 

This embodiment focuses on a change over time o£ 
various factors contributing to striped density 
variations- The characteristios of the print head, 
including inlc ejection amount and inX ejection speedy 
15 ax-e Icnown to change with elapse of printing time. 

Xn this embodiment, the data totaJ. amoxint 
jneasurxng unit 130 counts the total amount of data in 
each page of the print medium. When a data amount 
corresponding to a predetermined number of pages is 
20 exceeded, this circuit is activated to mitigate the 
threshold value in the pass number decision unit 14. 

For example^ suppose the pass number decision 
unit 14 is going to use "2" as the pass niomber- When 
the image being printed according to the print data 
25 has esuceeded three pages for e^cample, this circu.it is 
activated to perform control so as to increase the 
pa^s number* which is determined by comparing, for 
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example, titie standard aeviai:±on of <ia:oplet daflectxon 
ol^ta-lxied by t:tie s-tar±ped density vaxiatxon detection 
iintt: 13 wltH tifcie tmreslxold value* 

In ttiis embodiment the striped density variations 
are larger than normal (foar example^ during 2-pass 
printing) and thus the pass number determined is 
increased ♦ Because the data total amount meastaring 
unit is provided and the result of measurement is 
reflected on the determination of the pass number, it 
is possible to alleviate the influences of variation 
o^^x* time of the print head characteristics, such as 
ink delivery amount and ink ejection speed, thus 
enhancing the image printing quality. 

9- Setting of Printing Duty 

The printing duty for each pass is set by the 
image processing unit as follows • 

When an image is printed in four passes, the 
printing duty for each pass has conventionally been 
set at 100/(pass number) = 25%. This is a typical 
example of ^setting the printing duty for the multipass 
printing system and is intended to alleviate the image 
degradation due to density variations such as stripes 
hy increasing tHe number of passes. 

In such a conventional multipass printing system^ 
density variations (hereinafter referred to as 
handing) are produced due to influences of the 
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ejeciixoix px-ecxexon varlatxorxe of the px^int tiea<a and 
tlie ojrrdex- of itiJc ejectxon. Fux-tttei:, b©ca\ase of the 
influences of the end. nozzle diroplet deflection 
desox-xhed eaxliex, white stripes appear conspicuously 
5 at paper feed pitches and are visually perceived as 
xmage degradations . When an image ia formed t>y a 
bidirectional printing in particular, a change in the 
order of inlc ejection niay cause a change in hue^ which 
in txxcn shows as handing^ maKing the image degradation 
lo even more conspicuous. 



processing is perfoxined to malce t)andings less visually 
perceptible - That is , in this embodiment , the same 
scan area E (pass area) is divided into two areas el, 

15 e2 * aud the printing duties Of the divided areas el . 
e2 are differentiated (split duties are set) to maXe 
the handings visually less perceptible . 

Figs« 13A, 13B, 14A and 14B show example settings 
of the printing duties f or the divided areas el, e2 . 

20 Fig- 15A shows an image formed hy an ordinary 

multipass printing with the divided areas el, e2 set 
with equal duties^ Fig- 15B shows an image formed by 
using the split duties- In Fig* 16^ reference ntmber 
lOOlT represents a pltxirality of nozzle groups which 

2 5 perform printing on tlieir respective pass areas E, 

wittL ^acli nozzle giroup consisting of n (in ttie figure* 
four) nozzles. 



In this embodiment, therefore, uni<iue mask 
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In tne case o£ an image formed by actual dutxes 
shown in Fig- wtien a nniform solia pattern is 

printed fox example, a banding occxurs at the papex 
feed pit oil. Tlxe bandings occirrring at around tbe 
5 paper feed pitclies are easily perceived because of tli© 
v^isual cha-rac-bexisnics and tlie image cpxality appeasrs 
degraded. However, witn this embodiment, thte bandings 
occur at bal£ the paper feed pitches • This rednce^a 
pitch falls within an allowable pitch range in which 
lo the bandings are not visually perceived. Hence, the 
Image does not appear degraded in quality. 

The eacperlments conducted by the inventor of this 
invention have found that at a 336 -(Jun pitch the 
density va^riations (bandings) due to changes in the 
15 ejection order cannot easily be perceived visually* 

Xt has also been found that a further reduction in the 
pitch does not produce a corresponoing effect. As to 
the number of divisions* in the 4-pass printing for 
example, it has been found that dividing each of the 
20 pass areas into four has a significant effect of 
reducing an image degradation. 

As described above, where a certain area is 
printed in multiple passes, it is preferred that in 
the bidirectional printing system the printing duty 
25 setting area be divided into a greater number of split 
areas as the number of passes decreases. The printing 
duty may be set by selecting optimum numbers of passes 
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and. divisions accor-ad-ng to various xnedxa 
characteristxcs (ink atosoirtoing perfoimance, in3c 
spreading pejrf ormanoe , «to-). Tixis can be achieved by 
storixig data in mask tables in advance and reading 
5 them as req^aired according to tbe condition. 

lO. Other Embodiments 

Next, a second embodiment of tbe ink jet printing 
apparatus and metbod according to tbis invention will 
lO be described • 

According to tlie second embodiment j, in tbe same 
pass area E wbicb is printed in a plurality of tbe 
main scand, tbe divided areas el, e2 corresponding to 
tbe ends of tbe print bead bave tbeir printing duties 
15 set smaller tban tbose of tbe divided areas on tbe 
inner side of tbe ends of tbe print bead. 

To describe in more detail, in tbe conventional 
ordinary 4 -pass printing (division number is 1) eacb 
nozzle column is divided into four nozzle groups 
20 corzresponding to tbe four pass areas E and tbe 

printing duty of eacb pass area E is set at 25% ^ as 
sbown in Fig. 17A- In tbis embodiment^ as sbown in 
Fig- eacb pass area E is divided into two split 

areas el, e2 and tbe printing duties of tbe split 
25 areas el^ e2 corresponding to tbe nozzles n at tbe 

ends of tbe print bead HlOOl are set at lower values 
(6.. 25%) t^an tbose of otber split areas el, e2 - Tbe 
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prxTi-ti-ng etu-ties i-n eacti pas© ajrea irange £irom 25% -bo 
37 •S%- WitJi tlie pnntUig duties of the divided aireas 
el^ e2 se-t in this way^ the f irecjiaeiicy of use o£ the 
nozzles ix situated at the ends of the print head is 
5 reduced, thus reliabiY suppressing the numt^er of 

occurrences of the end nozzle droplet deflection, 
which in turn reduces the white stripes. The white 

stripe suppressing effect is obvious when comparing an 

image formed hy the second embodiment ( see Fig - 19 ) 
10 and an image formed by the conventional 4 -pass 

printing (Fig. 18) . 



printing duties of the pass areas E at uniform values 
(25%). In this image, the end nozzle dot deflection 
15 occurs once every four dots (25%) as shown. This end 
nozzle dot deflection^ when the number of passes is 
reduced, becomes even more conspicuous and is clearly 
pearceived as a white stripe. 



20 case of 4 -pass printing sets the printing duties of 

the divided areas el, e2 coirresponding to the ends of 
the print head to 6*25% (1/4 the conventional uniform 
duty) and, in other divided areas, ma^ces duty setting 
Ijx such a manner tnat the printing duty increases as 

25 the divided area approaches the center of the print 
head HlOOl . as shown in Pig- 17B, 



Fig- iS shows an image formed by setting the 



on the other laand,, the second embodiment in the 
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Witn niae parxntlng duties at the ends of the print 
head set at loweir values, the end nozzle dot 
deflection in the xina.g^e can only occax- at a. very low 
freq^iency o£ one ±xx 16 dots* As a result, the end 
5 nozzle dot deflections are not perceived as a. white 
stxxp©- Hence, not only can the banding in the image 
he eliminated a@ in the f dLrst embodiment but the white 
stiripes due to the end nozzle dot deflections can also 
be eliminated, thus forming an image or higher 
lo cpaality. 

Wliile the second embodiment has been escplained by 
talcing up an eacample ca.se where the pass area E is 
divided in two, the pass area may be divided into 
three ox- moire. For example, a single pass area E may 

15 be divided into foiax areas el, e2, e3, e4 as shown in 
Figs. 2 OA and 20B. Xn tliis case, the px-inting duties 
of the divided areas el^ e4 at the ends of the print 
head axre set at relatively low values of 12 - 5% , with 
the pr-inting dnties of other* divided areas set to 

20 increase progressively as they approach the center of 
the print head. 

In Fig. 20B« Ml schematically represents a random 
ma^slc pattern for setting the printing duties - 
Reference symbol M in Fig. 20A schematically 

2 5 represents a. random maslc pattern when the 4 -pass 

printing is done with uniform duties . As can be seen 
frpm tbe figures , the mask: pattern M has concentrated 
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dots d. evenly scattiex'ed , wlier*eas thie masK patterTci Ml 
hias concentira'teca d.ots dl mor^e spar sel.y scati-tered 
-bowaard. ±lie ends of 1:he patte«i. 

Nescb, a "tlxxxd embodlmen't of -tlie Inlc jet pri-nting 
5 apparratixs and me'tfa.od according to -tiie invention will 
toe described* 

Xn tiie first and second embodiments , wlien tbe 
cycle of random number is snort, tbere is a problem 
that a repetitive pattern appears on tne outpxit image 
10 and tliat wben a uniform random number is used, a 

granularity may deteriorate due to a low frequency 
component of tlie random number. To cope witli tbis 
problem, tlie present invention acoordingr to tbe tbird 
embodiment is ob r -ract er ized by a moiringr means for 
15 moving tbe print bead baving a plurality of print 

elements relative to tbe print medium. Further, in a 
printing appax:atus in wbicb tbe print bead is divided 
into a plurality of nozzle groups and one and tbe same 
area on tbe print medium is scanned a plurality of 
20 times by tbe same divided nozzle group or different 
groups of tbe print bead to form a tbinned out image 
in eacb scan according to a tbinning out pattern to 
complete an image in tbat area of tbe print medium, 
tbe invention is also characterized by a pseudo- 
25 periodical mask arrangement tbat provides a visually 
preferred arrangement of unprinted pixels and printed 
pixels when tlie pixels are digitized according to an 
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arbitx-ary level; by a, ma^]c genex-ation means £or- 
generating a pluxrali-ty of ma.s3c pat teams firoin ttie mask: 
airarangemerLt ; and by a thi nni-ng out means for thinni-ng 
ox2t pxxnt data by using ttie masX patter-as as tlie 
5 tbinning out patteams for tbe nozzle groups- 

In tlie above constxuotxon ^ the pseudo-perxodical 
maslc arrangement (also referred to as a pseudo- random 
masX airrangement) bas a smaller low-f recguency 
component ttian tbe uni form random number, so tliat It 
10 acts to prevent tbe occurrence of tbe repetitive 

pattern and tbe degradation of granularity • Fig. 27 
is a block; diagram sbowing tbe oonf iguration of tbe 
_ tbird embodiment of tbe printing apparatus , Denoted 

J] 110 is an input terminal for image data. 111 an image 

15 buffer for storing Image data to be printed in one 
f|l scan, 112 an address counter for synobronizing tbe 

^ image data witb tbe maslc data, 113 a mask generation 

UJ unit for generating the maslc data, 114 a mask buffer 

for storing the mask data, 115 a mask, processing unit 
%J 20 for generating a bead drive signal from tbe image data 

and tbe mask data, 116 a printer for forming an image 
O according to tbe bead drive signal, and 117 population 

mask memory CROM) for storing population mask data 
generated in advance by other device - 
25 O^be printer 116 forms an image on the print 

medium by moving tbe p^int bead 101 vertically and 
horizontally relative to tbe print medium 10 4. The 
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pr-ijai: Jiea<a 101 tias a plxairal±-ty of pxlul: elemez>t:s^ eacht 
ejecting an inlc aroplet accoir<a.xrLg to t:h.e ±nK. det 
sysrem- ozit:o the pirxnt medxiim to form an ±mage . 
Designated. 102 is a liead moving unit for moving titie 
5 print: Head^ and 103 a medium transpox^t unit for 

advancing ttie print meditom. In sucb. a printer, it is 
unavoidable tb.at striped density variations occur on 
ttie printed image due to variations in th.e placement 
and characteristic of tlie print elements of ttie print 
ID head HlOOl or due to mecnanical precisions of the head 
moving unit and the medium transport unit . 



cons truot ion of the print head HlOOl. Although^ in 
Fig* 28, for simplicity of eicplanation^ the print head 

15 shovm has print elements (nozzles) arranged in one 

column in the paper feeding direction, the number and 
arrangement of print elements are arbitrary . For 
example, the print eiements may be arranged in a 
plujrality of columns or in zigzag. In Fig, 28^ n 

20 represents print elements which number 16 and are 

arranged at predetermined intervals in a longitudinal 
direction- 

The print head HlOOl moves from left to right 
relative to the print medium 104 while at the same 
25 time driving the print elements at predetermined drive 
intervals to form an image on the print medium. After 
one scan is finished, the print head is returneii to 



Fig« 28 is a diagram showing an example 
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the left en<a of tlie print ine<i±uin and at thie same time 
tlie prxiit meaxum is fed a. prredetearmined distance - 
Tliis process is repeated to perfoim tiie printing of an 
±jna.ge * 

5 By setting tlie distance that the print medium is 

fed after each scan,, the multipass printing is 
perrformed- In this embodiment, an example printing 
operation in which the print medium feed is set to 1/4 
the numher of the print elements will t^e explained - 
10 Pd_gs* 29A to 29D show a process of generating a 

print head control signal from the image t>Tj:Efer ILl 
and the mask "buffer 114 by the maslt processing unit 
115- The image biiffer 111 is a memory capable of 
storing in the horizontal direction the same ntjiriber of 
15 pixels as the horizontally printable pixels and in the 
veirtical direction the same number of piscels as the 
J print elements of the print head* Although Figs. 29A 

W to 29D show the image buffer ill to have 16 

p horizontally arranged pixels for the sa3ce of 

ri 20 sin^licity, th.e actual number of horizontally arranged 

Uz pixels in the image buffer is equal to the nimiber of 

y pixels that ean be printed horizontally on the print 

medium. For example, if the horizontal width of th© 
printable area on the print medium is 8 inches and the 
25 printer has a resolution of 600 dpi, the number of 

horizontally printable pixels is 4800 pixels and thus 
the horizontally arranged pixel number in the image 
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t>iiffe3r is aXso 4800 pi-xels. In rigs. 29A to 29D, 
sauax-es eaclx coinrespoiicl to piscels, with. bXanlc squaires 
30 irepi'es exiting pl^iceXs not: to be pxxnted. euid bXaoH 
s<^ax'e5 31 r-epxresentxng pixels to be printed. Tb^ 
5 xaa.s}c buff ex: 114 ±s 16 pixels noxx250TitaLlly w5-<ae and. 16 
pixels, eqvial to print elements, vertically lone • 

Fig* 29A sliows maslc processing to generate a 
print bead contjrol signal for a first scan- In the 
first soan, image data corresponding to an image area 
10 four piacels bigb from tbe top of tbe input image is 
stored in the image buffer 111 at a lower four-pixel 
area. Next^ a first mask pattern 32 generated by the 
mask generation unit 113 according to the process 
described later and the image buffer 111 are ANDed for 
IB each pixel to generate a head drive signal. That is, 
only those print elements are driven that correspond 
to the pixels for which the image biaffer 111 and the 
zaask pattern 32 both dictate printing* 

Pig* 29B shows mask processing to generate a 
20 print head control signal for a second scan. After 

the first scan, paper is fed by the medium transport 
unit 103 by 1/4 the number of the print elements^ 
which is equal to a distance of four pixels . As a 
result, the content of the image buffer is also moved 
25 up by four pixels and additional 4 -pixel data is 
retrieved from the image data input terminal and 
stored in the image buff er* Although Fig- 29B shows 
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rhe djuage ciata to t>e moved £or tlie sa3ce of 
explaiiat±OTX, ttie tmage iDUffear is foxmed as a. ir±ng 

iDuffex-, lUie movement o£ the Image data wi-thin the 
t>uffei: can be ireaU^zed by simply cbanging tlie addxress 
covuitex". Next, a seooxxd xnaslc patteam 34 geneirateci by 
tlie mask gene^ration unit 113 aooording to the 
px-ocediixe Aescacibed later and th.e image biaffei: 111 are 
ANDed foir each piacel to geneirate a head drive signal - 

Fig- 29C shows maslc pjcocessing to genejrate a 
print head control signal for a third scan. After the 
second scan^ paper is fed by the medi-uxn transport unit 
103 by 1/4 the n\aniber of the print elements^ which is 
egxial to a distance of four pixels. As a result, the 
content of the image buffer is also moved up by four 
pis^els and additional 4 -pixel data is retrieved from 
the image data input terminal and stored in the image 
buffer* Nesct, a third mask pattern 36 generated by 
the mask generation nnit 113 according to the 
procedure described later and the image buffer 111 are 
ANDed for each piscel to generate a head drive signal « 

Fig* 29D Shows mask processing to generate a 
print head control signal for a fourth scan. After 
the third scan, papar is fed by the medium transport 
unit 103 by 1/4 the number of the print elements, 
which is equal to a distance of four pixels. As a 
result, the content of the image buffer is also moved 
vip. by four pixels and additional 4 -pixel data is 
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retrieved fxom tlie Image data xnput: texxnlnal ana 
s-toxred in tlie Image tjuffeac* Mesrt, a foiaxtJi masJc 
pattern 36 gener-ated Ijy tlia maslc geneiraTion unit 113 
acoording to tue pirocedvire descrilDed later* and ttie 

5 image biiffex 111 ar-e ANDed for- eacli pi^el to generate 
a liead drive signal - 

witti tliese foux" scans perfoimed, the printing of 
a f our-piacel-lxigtL image area from th.e top of ttie image 
is oompleted- By repeating tJie similar pr-ooess ^ tlie 

10 entire image is printed. In th.e fiftti scan, tiecanse 

tlie printing of an iioage area oor responding to th.e top 
foixir pixels is finisUed, tUe data of tlxe top fonx- 
piacel area in tbe image "buffer is discairded and 
additional foixr-pixel data is stored in a newly 

15 available* vacant memoxy area*. 

Next , ttie procednire f ot: generating ttie population 
mask data will t>e explained by referring to ttie flow 
cliart of Fig- 30. 

In tlaia embodiment « tlie size of tbe population 

20 masX is 16 pi^cels wide by 16 pixels bigb. First, a 

first- level dot location is randomly detexmined (step 
S40 } « Here, tbe first dot position is set at (xO, 
yO) . Next, the population mas3c data is initialized 
(step S41) Tbat is, tbe mask: value for tbe first dot 

25 position (xO^ yO ) is set to 254 and tbe maslc values 
for otber dot positions are set to 255- Next^ 
potentials are initiailized (step S42). Tbe potrentlal 
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is given by the followxag fianc-Cion f (r) fox^ a aistance 
r fx-om tlie dot position. 

f(jr) = -0-4l3r + 1-21 (3r<2) 

d^Cr) = 2-76 eacpC-r) (2ct<10) 

f(r) O (iraslO) 

Hence, tlie potential P(ac, y) at tlie mask position 
(it, y) with r-espect to tlie dot position (ac^O, yC) is 
escpjcessed. by 2 



i>(jr:,y) = / (^{(jc - xO + 1 6)%16>^ +{<y -yO+I6)%16>^) 
xO-10<jt:<jtO + 10 (1) 
yO-10<y < jyO + 10 

10 Figr. 32 s^tiows th.e geometry of a potential. By 

giving a repvalsion type potential at a dot position, 
it is possible to pjrevent a new dot fxx^m being foxmed 
neaJT an alzready formed dot-. Wb.en tlie base of tKe 
potential escoeeds tlxe mask axea, tixe paxt of the 

X5 poten.tial exceeding tbe mask, a^rea is folded and 

barouglit to ttie opposite side of th.e saiae mask area, 
Tb.is is to prevent tlie dot arjrangement from being 
discontinued at tbe mask boundary - 

Next, a position with, the lowest potential is 

20 sea^rched and a. dot is added to that position (step 

S43). When there are two or more positions with the 
minimiJin potential value ^ one of these positions is 
randomly chosen • Next, the mask values for all dot 
positions including newly added dots axre decremented 

25 tiy T (step 544) « Then^ the potential for the 
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addjLtiorxal. cLot is addled (step S45) • Assiming tlie 
position of tlie newly added dot is (xl. yl) , ttie new 
potential can be detexxnined a© follows. 



r(x,y^ = fi-yfiCx "Xl +16)%! 6}^ + {(y - +16)%l6y ) 




5 Ttie al>ove steps S43, S44, S45 are ^repeated nntil 

a dot is added to every pn-xel position in ttie 
population mask, in tUis way, tlie population mask is 
genearated, Witb. ttiis process a visually prefearared 
pseudo -periodical mask pattern wliich. Has nnifoxmly 

xo distaributed maslc values can be generated. Tlie means 
fox: generating tlie population mask need not b© 
incorporated into tlie printing apparatus, Tne 
population mask data may be generated in advance by a 
separate mask generation device and only the generated 

15 population mask data stored in a population mask 



emboddLment are not particularly limited but need only 
liave a similar form to th.e equations stiown above • 



mask generation unit 113 to generate mask data 32. 34, 
36, 38 to be stored in tlie mask buffer 114 will be 
explained by referring to ttie flow chart of Fig. 31- 
Tbe population mask lias a size of 16 pixels wide by 16 
25 pixels liigb, witb eacn mask value ranging from o to 



memory « 



It is noted tbat tbe equations applicable in tbis 



Next , tbe sequence of operations performed by tlie 
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255. F±xst, t:h^ inas3c Oata is quantized into tne 
nximbei- of passes (step S50) . THat is. this ^bodiment 
perfoirms imoitipass printing witti foro: scans, so tHat 
mas3c values from O to 63 aire allocated to a f iirst 
5 pass, masK values £jcom 64 to 127 to a second pass, 

masX values from 12fi to 191 to a tHird pass, and maslc 
values from 192 to 255 to a fonrtti pass* Tlien, pixels 
of the mask data coxaresponding to eacH pass are turned 
on (step S51)* Tliat is ^ tlie pixel positions allocated 
10 to the first pass of ttie first-pass mask: data 32 are 

turned on, tlie pixel positions allocated to tlie second 
pass of th.e second^pass maslc data 34 are turned on, 
tlie pixel positions allocated to tne ttiird pass of th.e 
tiiird-pass mask data 36 are tuxtied on^ and tne pixel 
IB positions allocated to tlie fourth pass of tiie f ourtti- 
pass masK data 38 are tuirned on^ Next, according to 
tlie amount o£ paper feed following eachi pass, the mask 
data is rotated (step S52 ) . That is^ the mask data 34 
is rotated upward l>y four pixels, the maslc data 36 hy 
20 eight pixels, and the maslc data 38 hy 12 pixels. 

With the above configuration^ hy using a pseudo- 
periodical population maslc with a high dot dispersion 
characteristic^ it is possible to prevent the 
formation of a repetitive pattern that would occur 
25 when a short-period random numhear is used, or prevent 
the degradation of granularity which would occur when 
a maslc with unifojirm x-andom number is usad.^ 
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A mask paizteim genexated by tHe at>ove means is 
defined a© a pseudo-per±oa±cal masX pattexm. 

Heire, we wSJLi expXai n at>oixt: a case wliere in the 
pseiado-periodical niasX pattearn, ttie same scan airea E 
5 {pass area) is divided in two as ©tiown in Fig. 34 and 
tHe printing duties of tlie divided axeas ei, e2 aore 
dif fejrentiated. Such split duties make tlae t>andings 
Xess visually perceptible- Figs- 13A, 13B and 14B 
stiow exairiples of setting printing duties for tlie 
lO divided areas el^ e2. Fig. 15A slxows an image formed 
by tlie uniform duties set in the divided areas el, e2 . 
Fig- 15B sbows an image formed by rlie split duties . 
TOien ttiese image© are formed by reciprocating the 
carriage, density vcuriations due to differences in the 
15 order of ejection appear conspicuously as shown in the 
schematic diagrams. In Fig- 34, HIOOIT represents a 
pliirality of nozzle groups for printing each pass area 

each no32:le group consisting of a plurality of 
nozzles n (in the case of figure, four nozssles), 
20 In the image of Pig. 14A formed by the viniform 

duties, when a uniform solid pattern is printed for 
example, a banding occurs at the paper feed pitch. 
The bandings occtarring at around the paper feed 
pitches are easily perceived because of the visual 
25 characteristics and the image quality appears 

degraded. However, in this third embodiment, the 
handings occur at half the paper feed pitches as in 
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tlie first: and secona embodixnents . Tliis ireduced. pitcH 
f axis witliin an allowable pitoU range in wHicti -the 
bandings aire not visually percaived. Hence, tKe image 
does not appear degaraded xn quality- Tlxe eacpeiriments 
5 conducted try rbe inventor o£ tnia invention has found 
tnat at a 33S-nm pltcti tlie density variations 
(bandings) due to cbanges in tbe ejection order cannot 
easily be perceived visually. Xt b.as also been found 
tbat a furtber reduction in tbe pitch, does not produce 
lo a corresponding effect . Ae to the number of 

divisions, in the 4 -pass printing for example, it has 
been found that dividing each of the pass areas into 
f oiar has a significant effect of reducing an ixnage 
deg£-adat:ion * 

15 It is aXSO confirmed that: ^ con^ared with the maslc 

patterns generated by the conventional random 
functions, this embodiment has achieved a substantial 
improvement in the granularity, and the masK 
peiriodicity (texture) - 

20 As described above, where a certain area is 

printed in multiple passes^ it is preferred that in 
rhe bidirectional printing system the printing duty 
setting area be divided into a greater number of split 
areas as the number of passes decreases. The printing 

25 duty may be set by selecting an optimum number of 

passes and an optimum number of divisions according to 
vQTTious media characteristics (init ahsorbing 
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performanoe, inJc spreading performance, etcO - Tlx±s 
can be implemented X>Y storing data in mask: tables in 
advance and reading tlieni as required according to the 
condition _ 

5 Neact, a fonjrtli embodiment of tne inlc jet printing 

apparatus and method according to tHe present 
invention will be described. According to tHe fonrtb 
embodiment, in the same pass area E whicli is printed 
in a plurality of tbe main scans, the divided areas 
lo el, e2 corresponding to the ena.s of the print head 

nave their printing duties set smaller than those of 
the divided areas on the inner side of the ends of the 
print head, as in the generation means of the third 
embodiment . 

15 That is, in the conventional ordinary 4 -pass 

printing (division nxamber is 1> each nozzle column is 
divided into four nozzle groups corresponding to the 
four pass areas E and the printing duty of each pass 
area E is set at 25%, as shown in Fig. 17A. In this 

20 embodiment, as shown in Fig- each pass area B is 

divided into two split areas el, e2 and the printing 
duties of "Che split areas el, e2 corresponding to the 
nozzles n at the ends of the print head HlOOl are set 
at lower values (6.25%) than those of other split 

25 areas el, e2. The printing duties in each pass area 
range from 25% to 37-5%_ With the printing duties of 
the divided ax-eas el, e2 set in this way, the 




fire<3uency of use of -tJie nozzles n sit:na1:ed at tlx^ ends 
of tfa-e print Head is reduced, ttius reliably 
suppressing tlie number of occurirences of the end 
nozzle droplet deflection, wHicli in turn reduces the 
white stripes- The whire stripe suppressing effect is 
ohvious when comparing an image formed by the second 
embodiment (see Fig- 19) and an image formed by th© 
conventional 4 -pass printing (Fig- 18) . 

The image shown in Fig, IS is formed by setting 
tho printing <auties of the pass areas E at xanif orm 
values (25%). Itx this image, tne end nozzle dot 
deflection occujts once evea:^ ^oxix dots (25%) as shown. 
This end nozzle dot deflection^ when the nimiber of 
passes is reduced, becomes even more conspicuous and 
5.S clearly perceived as a whit© stripe - 

On tbe other hand, the image shown in Fig. 19 a-s 
foxmed in the same 4-pass printing by setting the 
printing duties of the divided areas el, e2 
cojcresponding to the ends of th© print head to 6 •25% 
(1/4 the conventional uniform duty) and, in other 
divided areas, malting duty setting in suoh a manner 
that the printing duty increases as the divided area 
approaches the center of the parint head HlOOl, as 
shown in Fig. 17B- 

With the printing duties at the ends of the print 
head set at lower values, the end nozzle dot 
deflection in the image can only occux- at a. very low 
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fireKjuenoy o£ one 3-ti 16 aots . As a resuXt , ttxe end 
nozzle dot deflections are not pei:ce±ved as a wliite 
stripe- Hence, not only can tlie banding in ttie image 
l>e eliminated as in tlie first embodiment but th.e wtiite 
5 stripes due to ttie end nozzle dot deflections can also 
b© eliminated, tlxus forming an image of bigbeir 
<3tia.lity - 

Wbile tbe f oioxrtli embodiment bas been explained by 
talcing up an example case where tne pass area E is 
10 divided in two. tbe pass area may be divided into 

tturee or more. For escampXe^ a single pass area E may 
be divided into £o^xc areas el, e2 , e3 , e4 as stioym in 
Figs- 35A and 35B. In mis case^ the printing duties 
of tbe divided areas el* e4 at tbe ends o£ tHe print 
15 bead are set at x-elatively low values of 6-2S%^ with, 
tbe px-inting duties of otber divided areas set to 
increase progressively as tbey approach tbe center of 
tbe print bead- 

Xn Fig- 35B. Ml sebematically represents a 
20 pseudo- periodical maslc pattern for setting tbe 

printing duties. Reference symbol M in Fig. 35A 
scbematically irepresents a pseudo-pex-iodical maslc 
pctttexn wben the 4 -pass printing is done with uniform 
duties . As can be seen from the figures s the masK 
25 pattern M has concentrated dots d evenly scattered* 
whereas the mask, pattearn Ml has concentrated dots dl 
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moxe spax-sely scattered toward the ends of the 
pattern . 

Acoox:d±ng to the ttL±jcd and fotiirtli embodixneixts 
descri-toed a*bove, "by generating a pseudo -periodical 
5 maslc pattern whxcJtx has a visually px-efex-red dot 

arrangement , the occurrence o£ a repetitive patteim 
and granularity can l?e reduced^ compared with those 
produced by the masX patterns based on random numbers - 



10 invention can be effectively used is one that utilizes 
thermal energy generated by the electrothermal 
transducer to cause film boiling in a liquid and 
thereby generate a bubble. 



X5 and the same pass area that is printed in a plurality 
of main scans is split and the printing duties of the 
split ar^as are differentiated, the pitch of the 
bandings that are normally perceived at the paper feed 
pitch can be reduced^ producing an excellent effect of 

20 improving visual characteristic of the printed image. 
Further, of the same pass area formed by a 
plurality of main scans , the split areas corresponding 
to the ends of the print head have their printing 
duties set smaller than those of the split areas on 

25 the inner side of the ends of the print head in order 
to reduce the frecauency of use of the nozzles situated 
at_ the ends of the print head. This can reduce the 



An example application in Which the present 



As described above ^ because in this invention one 
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niunbear of occioCTences of ttie end nozzle tic-oplel: 
deflection, improving axi image t^uality. 

Tina px-esen-t inveniiion ttas l:>aen dasciribed in 



detail witlx respect to preferred eml^odiments , and it 
s will now fee apparent from thie foregoing to those 

sicilled in the art tliat clianges and modifications may 
Id© made witliont departing from tlie invention in its 
broader aspect^ and it is the intention, therefore, in 
the apparent claims to cover all suoh changes and 
10 modifications as fall \ffithin the true spirit of the 
invention • 



E 
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